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ABSTRACT 

Properties of the iota are explained by .a radially mixed quarkonium 

state. Very different radial wave functions for the strange and “onstrange 

components arise from the “ear degeneracy of the first radially excited s3 

etate and the second radially excited nonstrange state. The K&f decay is 

dominant; the “rr decay suppressed and the SU(3) relation between the two 

decays neturally broken. Coherent effects analogous to those in nuclear giant 

resonsnces enhance production in radiative $ decays by a considerable factor. 

One experimental test is a search for decays like D or F + 1~ + KRna OT $ + 

10 •c II KR+. 
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The controversy over the nature of the iota (1440) meaon resonance 

11,2,31; i.e. whether it is en ordinary quarkonium state or e new exotic 

bbJect like e glueball or e mixed atate of querks end gluons hes been confused 

by the use of the stnndard nonet mixing formellsm for the quarkonium state. 

It has been pointed out [4,5,6] that the standerd nonet mixing petter” should 

not be expected to hold for pseudoscalar mesons end that different degrees of 

radial l xcitetlon should be mixed ee well 88 the different flavor elgenatetes 

[7,8,91. 

We point out e new kind of mixing for the iota in which it is e 

mixture of different degree8 of radial excitation with collective coherent 

effects [lo] analogous to the giant resonent states observed in nuclear end 

condensed matter physics Ill]. Such a state hes very different properties 

from those of standard “onet mixing end seem to be consistent with the 

experimental data for the iote. The besic physics underlying this mixing 

description is: 1) Radial excitation specings decreese et higher excitcltion as 

indicated by 9 end T spectra. 2) The same dynamical mechanism appears both in 

rediative JI decays to peeudoscaler mesons end in the mixing of the different 

unperturbed pseudoscalar states; namely qi pair creation from gluons [12]. 

Radfstfve JI decay is very sensitive to small coherent admixtures in meao” weve 

f”“ctio”s. 

In the languege commonly used by nuclear physicists, the 

pseudoscaler mesons are “particle-hole excitetions” of the vecuum. Radiative 

$ decay is described by .e summation of (111 bubble diagrams in which the 

excitetion of e particle-hole pair by a gluonfc probe is followed by a eerie8 

of annihilations end pair crcetions. The contributions from diagrams of 

different order end from different excited conffgurations In the intermediate 

bubble6 ere all coherent end tend to puah ell the transition strength into e 

single “collective” or “giant resonant” state. 
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Let ‘If, nIf end n’lf denote the ground, first redielly excited end 

second radially excited atates of a quark-antiquark pelr with flavor f 

anelogous to the notation rlc, II’= end ‘lssc used for charmonium. We use the 

conventionel notetion for the physics1 pseudoscaler meson rl’, but the ’ 

denotea radial excitation in ell other ceeee. The Isospin scalar atetes in 

the u and d flavor sector ere denoted by ‘1,, II,!, end $, e.g. 

‘I”’ - fT (In”> + (nd>l 

We eeaume thet the lowest-lying pseudoecalsr etetea with I - Y - 0 

ere mixtures of the six states ‘I”, rl’,, n”“, II,,, n’e end r~“#. A detailed 

dynamical model would define end diagonalize the maas matrix in this space of 

six states 181. However such calculations ere very sensitive to the values of 

parameters which ere not known from first principles like unperturbed messes 

of the six etetee before the mixing is taken into eccount end the strengthr of 

the mixing interaction end to the number of redially excited states 

included. For this resson it is difficult to obtain reliable quantitative 

results. However the quelitative features of the giant resonance phenomenon 

can be seen from the following reaaoneble essumptions regarding these 

parameters. 

1. The unperturbed radial excitation splittings can be taken from 

the charmonium spectrum [8,13,14]. 

2. The difference between the unperturbed meeeea of the strange end 

nonstrange atates wfth the same radial excitation is Just due to the qusrk 

mass difference which ten be taken from low-lying hedron spectra 18,131. 

Then 



MO(“j;) - tPh1;) : H(JI”) : H($l’) - 344 HeV (2a) 

tfO(nA) - M’(n1;) T 2(ms-mu) z Z[H(h)-H(p)] - 355 MeV (2b) 

tlO(rp - tiO(l$) z -11 MeV z 0 (2c) 

where Ho denotes the unperturbed ma88 in the absence of mixing end me and mu 

denote the querk messes. The conventional nonet pettern is thus alreedy 

destroyed et the fourth excited pstudoacalar etete with the rlz epproximately 

degenerate with end perhaps even lower then the 0:. 

The relations (2) suggest that the I$ end rib erc much more strongly 

mixed with one another then either with the corresponding etate in its own 

standard nonet end that the mixing should be trested by degenerate 

perturbetfon theory. In the lowest epproximetion the fourth end fifth ststcs 

in the pseudoscalar meson spectrum ere the linear combinations 

L> - co&lQ + sinqil;> (3a) 

I d> - -sine 1”;’ + co.4 lrp (3b) 

where 9 is e mixing angle to be determined by the dynamica. One of these two 

atetee is e candidate for the physical Iota which hes been observed ee the 

fourth pseudoacalar state in the spectrum of radiative 9 deceya. 

The transition matrix elements for the production of these stetes in 

rdietive JI decays ere then given by 

QYlTlV - C0se<~;Y lTI$> + sinetn;y (Tj$> (4*) 
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(0 (TIW - -sf”eW;Y(TI$O + cosO<!l;y(TI$> (4b) 

We now show how coherence and mixing can strongly enhance the $r+2y 

tre”aitlo”. The optimum mixing engle for this effect is the giant-resonance 

mixing angle defined by the relation 

ten 8 
V;;Y (T/W 

- 
Cm (5) 

Substituting eq. (5) into eqs. (4) gives 

QGY IT/$> - <~;YIT/W/coseC 

(<y(T)W12 - (<“:Y(T($>12 + l<n;~lTlW(~ (6b) 

<d$(T(W - 0 (6~) 

where 11~’ end (dc> denote the states (3) with the the mixing angle BC. 

Equations (6) ehow the characteristics of giant resonance mixing. All of the 

strength of the radiative 9 decay transition comes into the etete 
I Ic> end the 

state ldc> Is decoupled. 

A considerable additional enhancement is obtaineble from very smell 

mixing of the 1 with the first three states in the pseudoscalar meson 

spectrum, the ‘1, q’ end C. 

Let ue write 

I,“> - cosec(n;> + sinecln;> + cl(n) + ~~(n*> + c3(c> + occ2) (7*) 



IqF’> - (Iv - El JLc> + O(C2 ) (7b) 

where II:> end (!I”> denote the I and II states ulth this additional mixing, cl, 

c2 and c3 *re small peremoters, end equations similar to (7b) hold for the n’ 

and F. Then 

+Y (T(W 

I<,;Y IT(+) 

- (1~1 (T(+>+E~<w ITI+ >+E~W’Y (T(W+E~<CY IT[WO(& 

2 - (<lC~/T(W(2 + 

(8a) 

I-x”Y )T)+>)~ - I<~Y ITI+>I~ - 2Re[~l(~GYITI~><~Y(T~~>l + O(C’) (8~) 

This shows the large coherence effects characteristic of the giant 

resonance phenomenon. For (L rough qualitative picture we take cl - c2 - c3 - 

0.1, and set all the transition matrix elements equal. Then these 1% 

admixtures of eech of the three low-lying states into the iota wave function 

(7) produce a 60% enhancement and B 20% suppression of the radiative 

transition probebilitles (8b) and (SC) respectively, thus increasing the ratio 

of iota production to II production by a factor of 2. 

I” this description, the iota has a very strong transition matrix 

element for radiative JI decays while the dominant component in its wave 

f”“ctio” is ll;. This would explain why the dominant decay mode observed for 

the Iota is KRn end the corresponding nonstrange state “11 is not seen. All 

SU(3) predictions from the standard nonet model can be broken since the 

strange end nonstrange components of the wave function have different degrees 

of radial excitation end .a different number of nodes. Clant resonent mixing 

thus provides a good qualitative description for the observed I properties. 
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!Je now show that the giant resonence description not only describes 

the qualitative features of the physlcal iota but also arises naturally from 

khe dynamics in any conventional model for radial mixing with unperturbed 

masses setisfyfng eqs. (2); e.g. with potentials that fit the chermonium 

spectrum. l The giant resonance mixing angle (5) and the phase coherence of 

the weve function (7) end the rsdiatlve J, decay metrlx element arise 

automatically. In such models the mass matrix has the form [8] 

H - Ho + A (9) 

The matrix elements of the unperturbed mess operator Ii0 end the annihilation 

interaction A erc given by 

tn#l”/n;> - 6fg6i,nOfi 

<#A,$ - gfigeJ 

(IO*) 

(lob) 

where n: denotes the unperturbed state of a quark-entiquark pair of flavor f 

end radiel excitation i, f - n or s end 1 - 0,l or 2 denotes the states 

qf’ n; end n’; respectively. M!i is the unperturbed mass eigenvelue end gfi 
/ 

are constents specifying the interaction. 

The key dynamical assumption Is the factorized form of eq. (lob) 

where the constent gfi depend only upon the properties of the rl: wave 

function. In the simple models, where the ennihilation depends upon the weve 

function et the origin, gfi is given by [13] 

*In harmonic oscillator models [7] this degeneracy (2) dots not eppear end 
gient resonance mixing does not occur. 
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gfi - g n:(o) (11) 

where g Is e conetent specifying the strength of the interaction. The 

underlying physics behind the factorizetion (lob) ia that the quark-antiquerk 

ennlhilation end subsequent pair creation goes via en intermediate state of 

gluons which does not remember the quantum numbers of the initial state. We 

do not need the explicit form (11) for our purposes end ten use any 

generalization having the factorized form (lob) such ae Including e finite 

range for the Interaction. 

The second essential dynemical assumption is that the radiative JI 

decay depend8 upon the seme property of the weve function de the ennihilation 

interaction (lob) because the transition occure vie the eetne kind of gluonic 

intermediate state [lo]. This is expressed formally by the relation 

+(T(W - G gfi (12) 

where G is a constant specifying the strength of the transition. 

The relation (2~) between the unperturbed maases becomes, in this 

notation, 

MO - MO 
81 n2 

The giant resonance mixing angle (5) is eeen to be 

gal2 
tan e - - 

c g*1 

(13) 

(14) 

We now see that states (38) and (3b) ere the eigenvectors of the 

annihilation matrix (lob) in this two-dimensional subspece when the mixing 

angle is deflned to be the giant resonance value (14). The decoupled state 
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(dC> Is indeed decoupled and is en eigenvector of A with the eigenvalue 0, end 

else en elgenvector of the mess operator (9) 

A(d$ - 0 

flldc> - Mtl/dC> - “f2 (dc) 

Substituting eqa. (12) and (14) into eqe. (6) then gives 

<IVY (T/W - C g81/cosBc - c gc 

(<lcYIT(W12 - c2[gi1 + gfi2] - c2 g; 

(15s) 

(15b) 

(164) 

(lbb) 

where gC is defined es 

g c - gsllco8ec (16~) 

The iota weve function to first order in standard degenerate 

perturbation theory is then 

+ - 1 lc> + fq In,> + F Ills> + e InA> (17.3) 

where AMfi denotes the unperturbed meee difference between the iota and the 

state Il:. These maas differencea are always positive since the three admIxed 

statea all lie below the iota. We then obtain 

2 2 2 

<$r(T(W = G g&+ z + 2 + J$ 1 
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Thi. ia the .“.log of eq. (8.) and show. explicitly that the parsmeter. cl, c2 

and c3 .r. indeed .ll positive and thst the coherence with the constructive 

intcrfcranca of th. giant resonant. does come out of the dyncrmic.. 

The m..‘ sigcnvalu. of the I is above the d because the operator A 

is po.itiva definite and ha. positive .ig.nv.lu..~[l0]. However the d by eq. 

(6~) is not expected to sppear in radiative J, decay.. The lot. in this 

formul.tion is indeed the fourth state in the spectrum appearing in radiative 

J, d.c.y.. 

A qu.ntit.tiva calculation of the properties of the iot. depend. o” 

the ex.ct v.1u.s of the parameter. gfi end the unperturbed m..... tlii. It 

a1.o q urt ba corrected for the mixing with higher .t.te. which would tend to 

counteract the gi.nt rcsonsnc. effect since the higher .t.t.. would be mixed 

in with . negative ph.... However on. would expect the qualitative feature. 

to rtm.in. The .pproxfmat. accidental degeneracy expected from cq.. (2) 

should not be f.r off, suggesting the u.e of neatly dcgcnerat. perturbation 

theory to d..crib. the.. stat... If the coefficient. gfi decresse reasonably 

rapidly with the degree of radial excitation, we c.n expect that the 

contribution. from the higher stat.. will not be very important. I” any c.¶*c 

the exi.tcnce of the giant resonant .t.te must be carefully considered in any 

an.1y.f. of the iota. It. description (I. . quarkonium .tate cannot be 

di.carded .imply bec.u.e it. properties are in disegreemcnt with the stendard 

nonet q fxing model 1151. 

Thi. model c.n be tested .xp.rim.nt.lly by . search for the iota in 

the decay. of ch.rmed and charmonium stat... The 1~ decay mode. for decay. of 

D or F m..o”. .r. s-wave and should have comparnbl. branching ratio. to nn end 

$n decay.. They would be observed 8. 

D+ of F+ l LX+ 
s (18-d 
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D+ or F+ + ,r+ + K K nom+ 
a 4 

D+ or F+ + IX 
+ 

+ K+K-non+ 

Do + 1,’ + tinno 

(Mb) 

(18c) 

(lad) 

The kaon pair would be very close to threshold and the two pion. 

would have very different energiee in the center of mess system of the D or F 

This might help reduce background. Although the D decay. are Cabibbo 

.uppre..ed, they might be enhanced by e factor .imilar to that in aq. (17b) 1 

the I is produced in both the .i end da componenta vith e etrength 

proportional to the wave function et the origin. 

f 

The I+ decay mod. might be seen in $I decay. with branching ratios 

comparable to II+ and II’+ 

ti + I+ + Kkn+ (19) 

Another porsibla experimentel test I. in radistive decay. of the 

iota to vector meson .t.teI. The strengths of these tran.itione are very 

sensitive to details of the r.df.1 wave functions end are not eaeily 

predicted. Howavcr, if the P Y decay mode in seen, then the us end +y decays 

should be inveetigeted. The +y and P Y decay. .rc not related, since the 

strange end nonrtrenge component. have very different radial V.VC functions. 

However the standrrd 9:l ratio hold. for the p y and wy decay. which come from 

the e.me none trange component 

r(l+uy) - (1/9)r(l+py). (20.) 
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Th= OY decay mode ehould be considerably larger then the wy decay 

r(l+b.o > r(l*wY) . (20b) 
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