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M ixing of the Neutr al Tensor M esons Ú ( 1270) , Ú ( 1525)
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LI DeMin FANG Jim YU Hong SE N Øxiù
( IFESitute of f fish b w gy ph¨ Á , TEeÁ tnm Amdm y qm denm , BezyÖ 100039, Á ma)

AbÜ Øî Am zmzzg dm p z¤perity I ® d th e( 2230 ) is 2+ + , tlze EI× × ¬ d th neum i ta mor

EIEÊ ¦ ² ( 1270 ) , r z ( 1525 ) and dö d ueh n a zd dm e( 2230 ) m h v´ gm d. 1E e d taebd -

quar im a om aEt d the ² ( 1270) , « ( 1525) m d e{ 2230) is oMaimM h a detai led fit b the avd -

able decay data d É Þ É Ø é Õ . sevm l pzwt m m fg tk dm ys d th e(2230 ) m pzØ m td .

k ey WOE² temcz m m ES, Ø mor d ueh H, mbdz± , th lü " sqtsm at

m e Êdste zce of giÄ h lls made d giuons E one d the m POEt m t pM ictions d Á E . Ç Ee cur-
m It d tuam z with the idazt if icadon d d Ud all su tÄ « rathe m zp li Á ± , but sm e pmg Ä has
bem made m the gltBebelI mctor - By studyirª tize m Ö betwm 1quarkom axd aduebe11 é Ø der-
staM tize pmperdÊ d gluebd ls or idm d y the gduebd stam ² m appØl izª aw zm ch[1- 7] .

It has Þ t bm 1f ind ly de¥ mind that ttEe spin-mrity JK d the e(2230 ) E r + £r 4++ , h at

the EIMEOw wtdth d tize e(2230 ) aZMi the k ge pzÍ Ed om rate m J/Ð» ú ì ( 2230 ) [83] make the

e(2230 ) sam Þ t m be m ozd nary q E state.
I f wú m mne that tbe Æ 1¤perity JK d tbe e(2 30 ) is 2++ , by studyÖ the mbdng d the

u u 70 ) , f i ( 1525) aM e(2230 ) , we « n obtain sm e id onnation d the e(2230 ) .

h th | N µ= | u b d J µÂ , | Sµ= | s ; µ, | G µ= |g µ ô º , the É ² tic mm mat ix de,
sa tbjzù ú e mim zg d a d mbd l and qu tzkonia Øn h wrÃta1m follows[3] :

where mN, ms and mG m the mas Ê d the m tÄ |N µ, | Sµ ad |Gµ,m pecdvely.
AG am tk m Eizzg perm e¥ , . ¶ Ee phyad m m |f z( U 70) µ, |ª ( 1525)µ aM | e(2230) µ m
² ù ÑEta-Ä of M wi× × é Øvaitm Ö , mi ± ¾ , û m vdy. If m ddbm a 3 Á 3

mitary mam U WHetz EEd om s the g¥ ¥ | N µ, | S µ azzd | G µ inm the phygcal m Ø
|h (1270)µ, Ä (1525) µ azt e(2230) µ,² ö me É m l su ü' ´ ZI h m d

l | ¨ ) µl f | N ¨ Y1 1 ( | N µ
| f i (1525) µ = U | | Sµ |z 2 h ä | | | Sµ ,
| e(2230· l | Gµ l z s h fù } i l Gµ
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J ´ P K mì - ä : ) J ¯ ¯ (m&- þ ) 2AM s f (ë + 2AN- ,,,i b Eb As - mU
EKZ q ü ?T Jt d h q z· £t l p

Z AEZÌ ÷ ¢º Ð µJ FZ h ,ù£?äç®º ,,h AÓ-1RSf̄ AN-m t x mi + As- Û }
q h q v . , , q

~

U a

l J R mì - mi ) ¶ (Ð - mi ) ¨ - ¨ AN- mi h eS+) i )
Q Q E¤ ¨ É- Q

wtÉ CKt- - -GS Z
J a NAd mì - Ô ò + AsAG(,,ø - '" ?µZ+ [SAWAs - ( '"Ú+ ¾,4- ,,,Ô ,,,ì + As - Ð ) ]2. (4)

For the had ome de@ys d ti¼ Ú ( 1270 ) ,¸ ( 1525) mÀ  2230 ) ,114 ect irª the pom ble d ue-

ball m n ponÄ t m the f ind su t e mÊ OI± , we oom dz the three Þ upiirû IEIodÄ ( See F ª . 1 . ) PE -
formizª E m ela mm tary SU ( 3 ) cd culm on [4¤1û 13] , w e can get the follow ing Ç uadons :

EJT;22: = (¥ )5

, , ¢ç | 4 3 + T I (J 2 2 2 + Y2 ) + À 2 | z

F ( r f ' " £ = s i a Ï ) 2 . LA d J te, , ( 10 )

¨ ¶ Ë ) øÛ pḧ EKUEE f 1¶ + ym2 + ¶ a· sÖ 2Ñâ̈ ++Ã.22ÐØym2 µÌ + 2h ²Çm2§Ú¢

r£ (

r̈ ú ÇÎ ) É̈WPḧ KU / ! ¥ + yh 2 +â ²Ç¦ 1Ö́Ø zä 2 + ÐØ ) + 2 FÇÀm2ÏÚzä 2 l

EZ;Ü=ù )5

~

ß Ü ï í ë Ë ï í Ú 24í

´3}

2Ë - (mi - ,ù )(¶ , - mº )(mt - miJ
AN- (mg- mE)(mE- mL) (5)

A (mi - mì µ(Ð s- mU(mi - mìµ
s - (mL - ntg)(m8 - wsi }

´m· , &)(Ð Ö, ,,ssx mi - Ö )
(,ð É Ï Ý (mì - mS)

{6)

(7)AG

´8)

[JZa221+2, am + ÇU221+yt ) + rzza]2
[÷ +YE+raØ SE+2Y1) +2FZZ112 , (9µ

[¥ +d zsw ) +Ð 2

[¥ +ysÕÐÐ Z3+Ð } +h zsiz, ´ U µ



w h e n F h d - J E ¤ ú ) ¬ , p = ( ú ú + J Z Þ eO) ¬ , e i s A O P

t h e m b Ö an g Le d É ò É ' ¤ º Ô , ù ) ( j = ¨ , K ) ² Ð i

d Ee m o n m t t m d t h e f in a l m Ê m Ä 0 11 j m t h e ¹ Ø d v - O P

m ass sy st É 1 f EZ th e Ò ² É y s d t h e G ( 12 7 0 ) ( ¸ ( 1 Ü 5 ) , - { C

e ( 2 2 3 0 ) ) . r 1 ( r 2 ) ´ m e zÊ t h e ra d o o r t h e d Feet i v e m - - » - m

p HÊ¡ sümØ ûÅ tdÉih 1 d Éë e nmEë ( b ) (ØcÔ) Ø ô d t×tk E m dü e Òd ln1  ª Ð i - 0 ,

(ØØU . LLLLL --- .-..J.
F o r t h e töÉwvÔEøðµå p¶ iÌ éÙ Òn 1 d Ç y" s d td}hE×e ² ( 12 ÚÐ0 ) ad f̧ ,É2 ." §

( 1 5 2 5 ) , ÷ h v e [ 1 4 ] .

F (² ú Ãy)
r (ç (13ª 1µà Ãy) »

½ ¥ Ë (5Z1+d y1)2

r (fi ú w }F(ad 1330)· YY) =

½ì )3(h d n)2

Å Ee a p® KIEa zttd dau mlat iEÉg m th e í ( 1270 ) ,

f l ( 1525 ) , e( 2230 ) and sz ( 1320 ) ci td by Par 6cle
EMa Gmtp 98[ÊJam ¿ foHows:

mú = 1275.0 À 1.2MeV - r (² ) = 185 .522:1MeV ,

r ( f2ú m µfr u ) = (84.t f j Ã , ï « ú E÷ )/F ( ² ) =
F ( f2ú vpy)/F (f2) = (4.5 ¿ 1.0) Á 10-3, F (f2ú Ãy)/F (f2) = ( 1.321 :!; ) Á 10-5; (15)

mG = 1525 ¿ 5MeV , r ( fl ) = 76 ¿ 10MeV ,
F (f i ú m )/F (fi ) = (8.2 ¿ 1.5) Á 10-3, r ( f i ú E® µj k tl } s (88.8 À 3. 1) % ,

F (fi ú Ò£/F ( fl ) = (10.3 Á 3. 1)% , F (fi ú YY)/F ´ fU s ´ 1.32 Á 0.21) Á 10-63

me = 2231.1 À 3.5MeV ,F (ì ) = 2311MeV ,
r ( eú m )/F ( eú KEE) = 1.0 ¿ 0.5;
m¢ = 1318.1 À 0.6R&V ,F (ag) = 1Ò7 À 5MeV ,

F (azú Ãy)/r (82) = (9.4 ¿ 01 ) Á 104
Wedmoee h - 155 ¤[1H B] ,mN= ½ '19] ¡ Êil as thecmtral Ð ueof thedm mam ±

ah ve m inRIt. The mG, ® , Ç aM r2m tmbmwn parm etm . 1Ee fit m ults m m follows:
mG= 2.42 GeV , ms= 1.54 GeV, r1=0.08, rz=0.3 md the mmmiü l fom of the uniô y ma-
Àix U is

( 1 9 )

1 5 2 5 ) µ 8 13Î ¿ 2 2 3 0 ) µ m

l h ( U 7 0 ) µ = 0 . 9 9 1 | N µ + 0 . 1 0 5 i S µ - 0 . Ø 8 | G µ , ( 2 0 )

| Ô 1 5 2 5 ) µ = 0 . U O ! N µ - 0 . m ! S µ + 0 . 0 6 1 | G µ , 1 2 1 )

÷ × the x2/DF z 1.57/3ì £-52.

be mad

Ø l f O P

G P ¤¤" '   Ð I J ,
®' , . . . . . . . , , , , . . ,' 1 O p

a .

(e)

F qz 1 . ( a ) m e d zm Þ µ tizÈz d dEe

qï rb da cë q m t qí m t k dem yiù

Per u d Ø é the × zd su te mmom ; ( b )

TTEe Þ t´ piing d the quaÒ² mAa Á m pq Ee zt

qq m t IEe deü õiz¦ Per uclÊ b the × zei

ô ² mm om tim e 1 WFo d u¶ ; ( c) Ç Ee

ú ct Þ µ lÖ d the Sh ebal l Ámp m m t G

m d Be dem yiZEg par tid Ê b the f inal state

EIEesOEES.

(13),

{14}Ü a

(4.6 ¿ 0.4)95 ,

(16)

(17)

(18)

~

0.105
- 0.992
- 0.em

- 0.088
0.061

- 0.994
U =

112e phySü l su tÄ | ² ( 12 YO) µ , | f i
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ta + aG z m llB a½ Øt tl× t dE í ( 1270 ) Ê a m riy m e ø Ú » nm 1 M dØ í ( 15÷ ) Ê a

EÄ rty pï e  ZI1¹ m, which ² m zm m z with dze ö ½Ôy dm d th two su t¥ , Eqs. ( 15 ) aM
(16) , alm w ith the a pe - ng 1tad dad u ] BR (J/Õß ÷ z ) ´ 3 .7 Á 10 - 4, BR (Jj Ðú Øfz ) = (4 .3 ¿

0 .6) Á 10 - 3, BR (J/¤ +f l ) = ( 8 À 4) Á 10 - 4, ad BRO/² d i ) ´ 2 .2 Á 104 .

G Ir m ul ts alm afÖ Ä t that the e(2230 ) Ê a nM y pm d m bd l Ä te. 'n ze EOHowizª pred e--

tb m about the behaviü d th e( 2230) decays m Rmride a st irª Ä t ctØ Â d our zm l² .
r ( eú W ) - 1 ( 2 ÷ 3(5 + J Zy )2 - 0 ¤¡ , £ 3)F(a2¤À ) 91ö¢ j z3 3 -

2 3 : Ü = ( Ç ) ' [d f z s Ê ø â Ed T ? Ã ¦ ] 2 = 0 2Ó

| ó + Y3 + n t Z0 .z 3 + y s ¨ Ä Ð

:2 jÚ¢Ú ió ê = ( ¢ )y ' É× rhÓ Zä 3 + Ä 3 + d zä 3 + ªØ µ + É¦Ð ½#Ã ]r 2 = 0 0 ¶ Ø

l ý + yÇ3 + r 1 Ø z 3 + Ð ) + 2 ú |

[44 (¥ - ª ) 12
1 3 2 3 ö « = Â ( i t ) s f h - i É 1

i S + 9 3 + Ç ( 2 J Z z s + 2 y 3 ) + 2 , 2 Z s |La ,- J

Rd ucir» Â¼ phm m « facmn d tiE¦ ² Ê Y EEmdÄ d tk e(ë 30 ) g m above, ? have
k eú Ò1)/F ( û Id ) = 0 .248 , F (û h V P (û Id ) = 0 .252 and T ( ÅÐ " ' ) l F ( û Eq o = 0 .

Ä m m LIlts m kE è « lie u ag m m t with th pd icÊons for a ghmbei l dm yizª ë two
m u h mlar mem Ä g vï 1by the naive qUE K modei : k e ë ¡ ) l F ( £ ë I´ k h n e Ð i q' ) / r (e ë

I÷ ) = 0 .25 azÀ k e Ð 74 )/h e +Id ) = 0 .
Ind idon, tk Gell-Manna tubo tm mmEdam mg+mL=2mk M td² inm ap

pmech. Ä e ptm giueh ll mm mG = 2 .42 GeV is m ag em e 1t wÃh the latt ice q 3D an1² -

m zs[213 ] Å ×Ch g ve 2 .4 Á 0 . 12 GeV for the tm m gluebd mas . Ò 1e fit m ut² m well Ê the ex-

pe m e ztal data d the demys d the Ú ( 1270 ) , ¸ ( 1525) and e(2230 ) m slm m in Table 1.

By the way , " K . T . Á ± [8.n ] pdnted Þ t that the higher mç d E

Ú 24íß ' ² ï í ë Ë ï í

l e(2230)µ = - 0.081 | NµE0.070 l Sµ- 0.994 | Gµ.

(24)

(26)

barrier k .rzx xn a 1t 12n
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twem q m d q m a L = 3 mÄ on would prevg zt tizÄ z fzÄ R bd zlg mm hilated mm d Þ ns and tha1
mixd with the r + glueh U, m d that m the zm lreiadvistic quark m dd laù 1sage, the rd id wm

hmd 011" wd m im fimt and seÞ nd de ivadvÊ at the µ ö 1vm shd for th L = 3 mm m , thtm

the am ihiladon mat ix eim a m an a p pm m d. 1TEe d £À m this work , we do Þ t ¹ Ä d® ttBe
mi3dng betwm the L = 3 ì m m ad the e(2230 ) tM S z tlE L = 3 qq with F = 2 ++ m ci±

h mam b the e(2230 ) .
We also want Ø Þ te that the prem 1t pnd ct ions ah ut

basd on the Þ upliIÉg rm dÄ Ê shown h FIg . 1. , i . e. ,
t h e b d av i o r o f t h e e ( 2 2 3 0 ) d e Ø é ú

w e IE¦ l a t th e p Em b i e g 112e M l ä m p g 18 1t

m t h e f i n al s ta t e m o n s . 1 3 3e d sa m Á m ab u Et t h e d m y d t h e g i u e b d l m p l m d f o r sµ m t e
p u b Hc at i o n w h a 1 t h e Ï m b l e g l u eb a l l Á m m m t m t h e f i n a l st a t e m ² £n s a g h ¹ É m d q ' is Þ n a d -

en d -

I n a m 11ú Þ , am nn i zzg t l m ® tn ¤p - r i t y J E d t b e e ( 2 2 3 0 ) ² 2 + Ü w e s t u d y t h e m dM n g d t h e

² ( 12 7 0 ) , ¸ ( 1 5 2 5 ) M e ( 2 2 3 0 ) aM d em m e t h e a i m b e l l - q l Bar b 1ia m t ¥ t d d ze t i m m t g -

w e « Ô t t h t t h e e ( m o ) i s aÇM̈ EnmmôÐ1×môe¥×a®r

ImInEÊ OÞTn 1 aÐM fÉ,¢2 (Ø1Ê5 2©́5Ã ) Ê¢ a ImEmÀ́̈ rdùiy pô 1uIrÓe s s Emn ±m î 1 . 1 1 Ø é ± c m Ä fo r t l ze d m y s d t h e e ( 2 2 3 0 ) m

p m v i d e a SE i ne É 1t ch e ck d o t E EÄ d Ê .
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