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Dibar yon Possible? å
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3 (GFUer of m" ra46ai

AMU³ t We invÄ UgBte the bind zª m a w d × -quark syste m with sm ù Ø Ø s = - 3 m de

the m zm tue zt quark modd m the hm Eewï k d RGM . × Ee arÑ e NO cham d with spin S = 2

and the ú ª e M l cha mel wi th Ä E S = 3 m Þ ¦ ² À , mm ctively . The m u1" dmw that both
two system m fom loï dy bmmd stabg : th bmd zª Å e g e m mzû d hm 3. F - 12 . 7 M eV

for NO m d 4 . 4- 14 . 2 M eV fg AQ SYSte n , m p ectively .

EEey w" ² RGM , £OZESti tutm t quar k model , bmÄ µ Ø EZY

A lt h01û h H pg t id e wm predicted by Jafh in 1977[l u m m d the dibaryÞ s has beÄ

fom d expd mental ly - T IÉ is Þ t only becam e of e3Õerimen ttd di f f icul t y , but also due m

lack of acn m te pmdict ion which is cam ed by the ØØ lvable m npleÔty of nonper turbat ive

quantum chzÄ Eodynm ×Ê (N PCXD ) ef fects at low Ê1g gy zç ion - I t has been h own that
dibz yon is a Þ lor sing let mu16 - quar k systa B with a SLIm eim tly s nal ler Sm m d is bel ieved

Ø be a pmspeed ve ad d Ø study the stmù intz act ion pheIEÞ 1m ology beÁ use the ef fect of
the quark - gluon d¦ mes of fmedom may show up . I TErough study , the know ledge of the

stmng interact ion between quz ks in p® t iculz in the short - and medM n - regions Á n be

m richd and the bm c thm ry of the m w 1g intg act ion , Quant1221 ChmmodyTEamiÁ ( QÞ )

cm f tUt her be pmvm and mf ined - That is why dibaryon has mÊ ived hu m sive attm t ion

f r¡ Eboth thÄ rists m d expg imentalists .
h past tw Ø1ty yÊ m , the dibaryon has thØ n t ical ly beg 1 studid m two dimet ions- One

is to invÄ tigate the sm zctun , the aca m te binding em u , the decay pmp® ¶ , and etc. ,
and the other is Ø mveal po¿ ible dibaryOZESof var iotB Kinds- Among thÄ e pu t iclô , KEEe of
thg I1 azÉE Str angÄ ¿ les such m d ¤[2.3] , dw azzd etc. , and the otha 3 Ørr y st razzga ze d 2] ,

for instance, H par t icleUOJH m d recm t ly prd ieted OO( S = 0 , L = 0 ) , 811d E - o ( S = 0 , L =

O) dibazÃoat s-6] £

Ç 1e pmsa u pap® SUICHÊ the pØ a bil i t y of forming dibew ons m the syste m w ith
strangg Ees s = - 3 , for instm ce NO ( S = 2 , L = 0 ) and AO ( S = 3 , L = 0 ) . T he pmpØ ed

work is besed Þ two m som : 1) As is wel l lqm m , intmducing st 813gm eÜ Ø d evg 1 hem -

® flavor al lows us Ø l² m st ong in teract ion fzu n another sight . By uSKEg var ious kinds of

new e´ er imental data , the new degmÊ of fmedm m d new m del them ü , Om may f ind

m eff icim t way Ø hm dk NPQÁ 3 effect and obtain a mom mliable basic in tg ac6on and
st ruetum model . 2 ) Bm use the nuclm n bÊ ms azü available and Q dem ys only tt1101û h wÊ k

modes , ¤ N m d O Øn form a bound state , a Bch state should have nE mw w idth and should
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h h i g h l y p ¶ a b l e t o b e d e t e c t e d -

T h e c h i m l S U ( 3 ) q t ô k n m d e l ² a n p l o y e d m « r r y o u t t h e i n v Ê t t g a t io n - T h i s m o d e l

w m o r ° m a t e d f r o m t h e Þ n s t i t u m t q u a r k Em d e l ( Á ï Ä . T h e m a j o r a c c o m p l i d m Ê 1t d

c Ø d w m m p zo v i d e t h e b a s i c e x p l a n a t i o n s d t h e b e w o n m c m n a n d t h e I ü p u l s i v e Þ m o f

t h e I 111c l ¥ r f o r c e . [ 7 ] H o w e v e r , d u e b l a c k d m e d i u m - a n d s h o r t - r a n g e a t t r a c t i o n s , n a m e l y

t h e N F Q Á µ e f f e c t a t t h e l o w e r × × ¬ y r ¦ i o zu t h e e x p e r i m e n t a l d a t a , i n p a r t i c u l a r t h e n u d e -

Þ - n u c l e o n s Á t t d n g d a t a , Þ u i d n o t k w e l l m p m d u c e d . 1 1 1u s Þ e h a d m d e v e l o p Q Á µ

i n s p h d zm d e l s Ø p zu p e i y d × £ i b e t h e n o n p e r t u r b a t i v e e f f e c t o f Q Þ . h Ê z t y 9 0 ' s , b y

Þ m i d e r i zz g t h e s m 1m e ® y p m p e r t y i n t h e s t m r zg i n t e r a c t i o n , t h e c h i m l s y m m e t y , t h e d u r a l

S U ( 2 ) ¢ q u ¡ m d e l w m p m p o s e d , a n d l a t e r w a s e x t e n d e d Ø t h e d ± S U ( 3 ) q u a r k

zm d e l LEJ . Ç 1e a d v a n t a e e o f t h e p zÄ e n t l y u s e d n u d e l i s t h a t b y u s i n g t h e s a m e s e t o f P E a EZEe -

t e r s , n o t o n l y t h e SK Eg l e b a Ç o n p m p ® d e s Ê n b a s i Ê 1 1y k e x p l a i n e d [ Ê , b u t a l s o t h e × í t t e r -

i r H Z d a t a o f t h e N - N a n d N - Y p m m g × × n b e t t ® k m p zo d u c e d [ 8 ] . E x u ú p od 1ha t× ibEn3Øg tÉ}h1×aÎ
t

EnImm d²́ ed l Ø t h e swy s½t ¥m En 1 w¶ i tÉlh E W O s tmrma znù1Øg ¥m Em· sº , t h e Emü mÐ l tua Enm 1Í t b ikIn1×õdd i EùØ emEn1Ê g¢ y o f EHf44 ..d.

( S = 0 , T = 0́ ) Ê Þ 1nEØa· s tôÊ 1u t wÅ i tÉth 1 t h e eÊ 2xE×p ×́ i ImIó1emzn1t¥́ ad l d a t a a v a i l a b l e [ 10 . 11] . W l z m t h i s m o d e l ¹

× 1 p l o y e d Ø s t u d y a m u l t i - s t r a ZI g e - q U E k s y s t a I h m a d d i t i o n a l p a r a m e t e r s a r e m q Lm t e d -

Ç Em t h e c h i m l S U ( 3 ) m o d e l i s a m a s o n a b l e , Eü l i a b l e a n d p m s p ä t i v e m o d e l t o s t u d y t h e

b o u n d s u t e p m b l m w h m t h e m m b ® o f s t ï Eg e q m r k i s g r m t e r t h a n W o .

I n t h e c h i d S U ( 3 ) q u a r k n u d e l , t h e i n t e r a c t i o n b e t w e m t h e i t h m d j t h Þ n s t i t u e n t

q u a r k s i s w z t t t e 1 ¿

v ? + V ² ) . ( 1)

the one - gl tm

exchange potent ial Ú ª E ) mainly depicts the stu n - range per turbatm QÞ ( pQÞ ) ef -

feet- v?dmotÄ the chird1 uzk field m piiù induced potm´
v ? = 2 V Ra( r e ) + 2 É ( r J , (2 )

wher e m beer ipts Ða m d Òa m be peeudØ Á lar EEEÊ Þ STr, K , 71and õ' m d sÁ lar mm ns Ò, Ò' ,

Ê and L mp ect ively , basi© l ly mpzÄ a zts the short -and med 1nz1¤razzge NPCXD effects . T he

expl ici t fom u d thÊ e potg u id s cm alm be found in Rd . [ 8 ] .
T he RÊ onMirkg Gmup M ethod ( RGM ) ¹ × nployed m study the bou zd su te pm bla n d

the six - quar k systa n - 131e much lazz a model space m this method m ables us to obtain a

reliable rÄ ui t m a m m d fcim t way . In this f ramework , the wave ftmct ion of the syst¥ 1
can k É¢ it ten ¿

qph = d [ ÕAeh x ( R AB) Z ( R Ø ) ] ( 3 )

whe e x ( R AB) is the E ial z¬ lat ive wave funct ion betW¹ 1 cl ts tem A and B , m pect ively ,

Z ( R od) mpzÊ ents the wave function of the c÷ ® £f mass of t he systm m d d denotes the

ant isymmet rim ¸¤ Expm ding unh mm 1 Ö( R AB) by well -defined basis wave funct ions , such

Ø Gauª an fm ct ions , Om can mlve the RGM bound state equat ion and obtain eigenvaluÊ

2 ( v Ã +
t´ j

The Þ nfinaylent potm tiai É d dÊ EYibÄ the long - m ge effect d NPQÞ ,

m d Þ rrÄ ponding waw funct ions , amulu neously - ¶ 1e detai ls of solving RGM bom d state
pm bla II Á n be found m Refs. [ 12 , 13] .

A H the m del pamzm ters É 1ployed in the cd culadOn am determined by ma¿ SPUt tiµ s
azm EIg N , A , A ,22 and E , m pectively , and the stabil i t y Þ fEditions of the Å tet ( S = 1/2 )
m d decuplet ( S = 3/2 ) baryons , respect ively .

T he zÄ ul tm t bindiEª e zergy and oorzÄ ponding mot - mem - Ö uan radius ( R M S ) d

vu
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the sySte ns am tabulated m T able 1. In the table, the M odel I Set 1 Im am the ch iml
SU (3) qum-k model wÃh the par m zetem set WH etE is fz÷ um tly used in ou pmvious invÊ t i -
gat ions, [7̈ ] . I t is shown that boö NO ( S = 2 ) and AQ( S = 3 ) m bound - U eir bmdiù

enÊg Ê are 3 . 5 M eV an d 4 . 4 M eV , EüSPä 6 vely , m d the Þ rzÄ pondizl g R M 3 am 1. 18 fm
and 1. 15 fm , m peedvely .

TabEe E.

¤ Bè dØotú the bmdhÈE eEeEW bebvee1A and B dib-zyons md RMS rµ ZÄ Ä " É e coere, Omang zuot - m ea »

' ê ¡ m md Ä .

I t sh m ld pan iculad y be Þ Ud that t h e sm azet r y pm per t y d the m tm sh ow s ´ d Ç
= 1 . 131i s m m s th at th e qm k ex chang e ef fect is leØ iEROOTtan t an d the Þ n t iM Uon f m l

d m k i net i c m e w ta m w ould k mpulg ve in zl atuzt h a m m qum ch b vo in t m ct ing

bar yons w oul d k f ur t h er apar t - I n OM er to m ak e t he sy stÉ 1 boun d , th e ch in d-quazk f ad

in t® act ion m ust p lay m im por t × 1t IDle , nm ml y su u ng at t act ion - T ha efom , m the zÄ t d

t he pap er , w e w oul d focus our at t en t ion on t he Þ n t r ibu t ions pZOv i dd by ch in l a d ds -

F i rstl y , w e pm um e th at th e ch id f iel d can Ã i ng st r ang m es m ust k m pÀ tan t In d -
u n for a syst Ø½ w i th m ul t i -st r azzgq u× ks . T o sØ th i s ef f ect , w e ind Ê se t he m ass m d Ø t -

of f of scalar m egons m axzd Å t0 1 . 4 GeV and 1 . 5 GeV , IÄ pect iv ely , w hich ar e close to t he

real EEl am Ä of par t iclÊ Ð t h t he sm ze quan t 1m mm bem of Ê and e. B y using t he sam e PEDee-

dm , w e ob tain t he val u· of pE m et m in M odel I Set 2 . W i t h t h i s set of pam n eta , th e

above m m t ion d data Á n aim be w el l desc i bed - Ç 1e rÄ u l t in tab le 1 sh ow s that ÷ × Set 2

th e b in din g eng g iÊ of N O and A O × e i nÚØ sed Ø 12 . 7 M eV an d 14 . 2 M eV , rÄ peed vel y ,

an d t he Þ TEÄ pon din g R M S an m duced to 0 . 98 h and 0 . 96 h , Eü ¿ ecd vely . I t sem s

t hat t he st r ange clouds Ê and Å w oul d of f er v i sib le ef fÅ t w hi ch h p· i t ive fo r fom uzzg bu m d
N O ( S = 2 ) and A Q ( s = 3 ) .

Sem d y , w e invm ig ate the m lÊ d oth g d dd n d ds m ing M odels E and E , m pee-

t ively . T K M odel E is th e ex t g zded chi d S U ( 2 ) quar k m odel w h Ê ü SØ 1ar a d d Ò azzd
peeud¶ cd am Ð, K , É an d É' « ü involved , w hi ie M odel E is th e chi d S U ( 2 ) quar k nm del

w her e onl y pseudoscalar m Ê on Ð an d scalar m ± m Ò ar e m mai ned .

m e Þ r r f´ OEIdi rª bin d r° Ø1ez¬ ½ and R M S of N Q ( S = 2 ) and A Q ( S = 3 ) m th Ä e

tw £ m odels ar e aim tabulated in T ab le 1 , r f´ ed ivei y . I t is shom t hat th e bin d izª Ø m

d tw o systa ns in M odel E is m uch lar ger than d zoee m M odel I an d m i le t han t lm e m

M odel E . T he rm son is t h e fo ll ow in g . m e i nt er -clust ® in t g acd on induÄ d by th e Ò a d d

for both syst g n s am b n inan t ly at m ct i ve in d m dels , w hi ch p lays t he nm t m p± tan t zo le

in for n1ing bom d su t Ê ¤ I TEe in t ® acd on in duced by t he Ð f iel d has m Þ n E ibut iom Ø bi nd -

i Ë , be² Else th e Ð m m n cannot be ex chang ed betw eÄ th e u ( d ) quar k in N ( or A ) an d t he

s quad ¦ h o . 1TEe int e act ions indm ed by t he ch im l f ields ot her t han Ò an d Ð M a d l y pei y a

negat ive m l e in b ind i ng nam ely , the Þ nM bu t ions pm v i ded by sÁ l ar megon e , and

pseudoeØ l ar m Ê om k an d É 81ü rep tdsive.

A s t he Þ ncM m , i n t he f r am ew or k d R GM , w e m ploy th e ctdd S U ( 3 ) qu¡ m od-

ß Ü ï í ë Ë ï í (EE & NP) Ú 24í

BABmd m Â £f Na (S=2) óM MB (SZ3) .
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el , which is om of the m m pzw pect ive model m d m give a m if ied dÊ d ipt ion for × much
experm m tal data m p¶ eible, to invÊ t igate pÊ a ble dibaryons m s = - 3 systØ Ø. W e m -
EP UZ1Ê that m the s = - 3 × Ctor of the six-quark systa n , the e may e dst two bom1d statü ,
NO ( S = 2 , L = 0 ) w ith the binding m ew of 3 . 5- 12 . 7 M eV and Þ rmµ Þ dizzg RM S of
1. 18- 0 . 98 fm , m d AO ( S = 3 , L = 0 ) w ith the bindiù Ä ergy of 4 . 4- 14 . 2 M eV and
Þ ÚØ pondizmg of RM S 1. 15- 40. 96 h . By Þ mpar ing the m ults in M odels I , E , and E ,

one sees that the chid f ields , Ê ped all y the Òfield , play impm tan t m les m bindine - T he m-

suits also show that the bh d ng m e gim in the extg zded chiml SU ( 2 ) quark nmdel and the
chiml SU ( 2 ) quark nmdel m much larger than t im e m the chiral SU ( 3 ) quark model
w hØü the repulsive Elatun of the smIar mm on e azzd peØ &mÁ lar me¿ m k an d 71m td m 1
h Ø × Þ unt . Bemuse the × Ôgy level of Aa ( S = 3 ) m m y pm ia llay m del Ê Ø her than
the threshold of the QN Ð chan nel which b caused by A st mù decay zm de Aú N Ð, AO( S =
3 ) would have a bzÄ d w idth - Wh ile due Ø m sum s demy zmÔe for O , NO ( S = 2 ) would

k a nan uw width bomEd su m-

RefeȨenms

Jaffe R J. Phys. Rev. M t . , 1¶ 7, 381195
Yaa ki k . h og- T1Øor . phé . Sµ pl . , 1987, " 21465 Muida s P J G, Aa u A T , ì warts J j phys. Rev. Lett . ,
" 78, ¤¤115435 WANG F, Wu C H , TENG L J a d . phys. ReØ. l a z. , 1992, " 229015 WANG F , PING J L ,
WU C H et d . phy- - Rev. , 1995. Á 113411: YUAN X Q, 2 Ê NG z Y , YU Y W et d . PWs. Rev. , 1999. Á @:
045203
k a neÄ Y , F1tdita T . phys. Rev. IJñ t . , 1¶ 7, 382471
Base R et d . Fhy- - M t . , 1991, Ä " 22473B her R, Á Ø Øt H A Fhé ¤ Rev. Le t . , 1993 , 712423WeÁ E G,
Gh Em L Ya, h ch am A J et d . Nud . PFv s. , 1995 , " ' 42ª 3 5h dmE azA L WÛ Ô G, Fa± »er A Fh" -
Rev. , 1998,¶37:3340
YU Y W , E fANG z Y , YUAN X Q. Coem m . TTzeó PWs. 1999, " :15YU Y W , 2 ² WG z Y , YUAN X Q-
H gh Em . Phys. md Nud . ¼, , . (m o ma e) , 1999, 232859
(à Ñ Ä ,Å Ú Ã ,Ò ã ã . ß ² " í ë Ë ï í , 1999,n z859µ
LI Q B, S ÆEY P N . Á m . Phys. Im - , ´ Ø , 321²
OKA M, Ya aM K PZug- u eoe. Phys. , 1õ 1, " 25565Fm de A , Femmda F et d . PWs. In t . . m n , BU L
2015 Nuci phys. , 1983 Aee225553 2 4ANG z y , h m er k , b egsle A et a1. Nucl phys. , 1985 , A4432557
2 4ANG z y , YU Y W, S ÆN P N et d . Ntg1. Phys. , " ' 7, A6252595 YANG s s , EÆN P N , 2 Ï FG z y , et
d . Nud . FÅ , . , 1998 , Aa s z146
S Ç N P N , ò 3NG Y B, YU Y W et SI . Phys. Rev. , 1997. 6 5 :2045Á Ç N H , 2 4ANG z y . Eä 42Em . phys-
md Nud . phys. (h Á m eee) , 1996.203379
( Â å , Å Ú ô . ë ² " í ë Ë " í , 1996 ,´ ( 10) :937)
sm ue U , 2 4ANG z Y e d . phys. Iatt . , 1988, ò £@:241
S é N P N , 2 4ANG z y , YUAN X Q. J. Phys. , 1999 , « Sd m 5
Wilda m É K , TANG Y C A Uniaed m eo® d the Nudeï , AcadeØC h e- - IE . , 1qr y
sum b U , B U NG z Y a d . Nó 1. ptzé . , 1988, A4831686
Femsnda F, v dm æe A, S Ea -b U et d . J. FWs. , 1993. G2¤12813

2

3
4

s

6
7

8

9

10
11
U
13
14

î ¿ ø È :Û Ç ñ æÚ s = - 3 Ä « Ø Ó 883



884

1(ÐúÆ§ º ß² ï í Ð¿ù ±© Hm39)
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ª ª Ú ² ¨ ù ò Ü Â Ã é Ö ä Ë £ Í Ð ¿ Ë æì ý ª s = - 3 Ä ù ä Ë µ

³ Ä ø ¿ Ü . Ö ð ¼ Ç Ë Ôý S = 2 Ä ¥ À NO Í Ôý S = 3 Ä ¥ À AQ. á û

Ô ¾½ö µ ³ ¼ É Ô Î É É ¢ Ä ø ¿ ¬ :NO Ä ø ¿ Ü ª 3.5 ½ 12. 7MeV , ø
¡ Ä ø ¿ Ü ª 4.4 ½ 14.2MeV -

Øü Ê ² ã ± é Öä Ë£ Í ø ¿ Ü

z m - m - 16 Õ å
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