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Abstract

We consider ¥'(2.7) and “¥''(4.15) as mixtures of the 238l and 13D]
states in a harmeonic oscillator model, in order to explain the series
of the leptonic decay widths cf‘(J,%), Y' and ¥''.

The spectrum of P wave states and the radiative width of W' are dis-

cussed in view of a new heavy meson,

The mixing model is also applied to the excitations of the 3(770).



1. Introduction

The extremely small width of the vector mesons at resonance energies

of 3.1 GeV (J,%) and 3.7 GeV ( ¥'), and also the broad state at 4.15 GeV
1)

gave rise to interpretations in terms of a quark quartet with a

new, charmed quark with charge 2/3 e 2).

(¥'")
Whereas in the color scheme 3 or in models with more than one new quark 4)
these vector mesons and their decay properties are merely related to each
other by internal symmetry, the charm model needs a dynamical correlation
between them.

The usual explanation in a cc bound state model describes the ‘¥’ as the
first and the %" as the second radial excitation of the ground state ¥ .
Bound state models with any simple potential predict monotonically increasing
or monotonically decreasing leptonic decay widths ( Q:F-'N'lkyb)li/fhf) for
the radial excitatioms.

Much emphasis has been put on asymptotic freedom and quark confinement
leading to a nonrelativistic description by a potential linear in the
distance R 5), with the property |'X(O)l2= constant for all radial excitations.
If one assumes that the “f"belongs to the series of excited states of the ¥,

then the decrease of the leptonic width 6) from ¥ to ¥’ , followed by the

. ’
increase from Y o B
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cannot be explained by the properties of simple radial excitations. For

. . . ¢ "
this reason one might speculate that the assignment of ¥ and ¥ to pure

radial excitations is wrong. There can be mixing of the jPC =1 , #=0
radial excitations and the & = 2 orbital excitations present in any
) 7)
dynamical model .
Assume that the ¥ and ¥ are mixtures of the 2381 and 13DI states, then

the leptonic widths satisfy

MSE o MEM _ [ x(0),.,]*
ME L [X(0)...]*

The experimental value is = 2. This points towards a potential which in-
creases faster with the distance than the linear confinement potential.

Since a model where the qa pair is bound by harmonic forces has been
successfully used in the spectroscopy of the ordinary mesons it is worth-
while to employ this "Harmonium" picture to the new mesons as well.

In this paper we investigate the W‘s, alse including the most recently

found heavy meson 8), describing the spectrum, leptonic and some radiative
decay properties. Though a relativistic covariant field theoretical model

for qq bound states is available 9), we discuss the mixing in a nonrelativistic

model for simplicity. Thus we only can hope to get qualitative results.

2. Harmonium, Mixing and Leptonic Decays

For a harmonic interaction of the form

VIR) ~ ¢+ =

[~

the spectrum is given by

-
Mi=c +(n+%)u

(2}



where n = € + 2r. This spectrum shows degeneracy of all states to the
same n, what we do nct expect to find in nature. In fact the mass splitting

. . .PC .
of states with the same n but different J (f.i. the A2 - A - & nmass
splitting) is large in comparison to atomic spectra.
It should be pointed out that our mass spectrum and wave functioms do not
depend on the quark mass. We do not derive eq. (Z) from a Schrddinger equation,
but rather use the three dimensicnal analogue of the relativistic model

described in ref. 9).

The notrmalized radial wave functicns are them given by

R,,(R)- TR s/l(g) L (/? ) e 7 (3)

and in particular

2 (v+%) p=3
T2 47 'A?o

2
x0)| - for
o 270

(4)

In the nonrelativistic limit the electromagnetic decay widths of vector

mescns are given by

et

I—-* _ 467 z QZ /X(O)/z
Ve £re 3 M, ()

with QV(S’O)w}Q'}'l,L);:(-;—)—i- ._’é..}-ﬁ-)c (6)

48 °

1 one quartet
where the color factor C is: C = for
3 three quartets
o . ‘
Using this expression for the ground states Y and 9(770) we find for
the radius R _:

R, (%)
R, (8°)

it

0.22 fm - V<’

0.55 fm VT )



. . . / . .
As already mentioned we identify the Y and Y7 with a mixture of the

¢ = 2, T =0 and the l = 0, r = | vector states

"/’/ cos-& sin‘tp 13Dl
2 ~sindd coslp 235

1

Then the mixing angle is determined by

2

29 _ My
tan = 7
/:1:'/ qu_f/

which gives

30° ¢ |91« 37°

X"
[ X(0)-.0f*

For |19‘ = 35° we obtain with

¥ Y

= 2 (eq. (4))

- 4.8 - 0.6
i .

[‘(EVJ input

1.7 ¥ 0.3

(8)
(9)
(10)
Y
2.7 ¥ 0.4 (11)

By introducing the mixing we get a reasonable description of the leptonic

widths. As a consequence, in the oscillator model we have a large mass

splitting between originally degenerate states.

Is such a rather large mass splitting reasonable? To get a hint for this,

we look at the n

377, the 9'(1600) with jf°C =

5 (1686) with jLC

2 excited states of the 9 meson. There we have the

1", and if experimentally

confirmed the 9'(1250) may be identified with the second n = 2 vector meson,

We then have the mass spectrum of 9(770), ?’(1250) and 9’(1600) similar to



’
that of '4’) v ; v
In the following we give a simple model which describes the spectrum of

the excited states of the 9 meson and the ¥ as well.

3. "Fine Structure' of the Mass Spectrum

We extend the simple Harmonium model with the mass spectrum eq. (2) by

10)

introducing noncentral spin orbit and tensor forces as supposed by Dalitz

We approximate the spin orbit interaction by a constant Cq and the tensor

A A
force [(G','X )'(Gz X ) — 34—31-6-2]\4(}2)13)7 a potential VT(R)~1+(c5/c4)R2R;2.

By considering the previously degenerate states only we obtain a mass formula,

which reads

}12=c1+ n. for fn,*,?,'{’e>

2
and
\ —(d'-f 1) ‘0
MP= €, + Cp-h  + (3 *
0 4
(12)
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The eigenvalues are obtained by diagonalizing eq. (12) with the Rotation

cos v Sian

R(9)= -S-1'M1.9 095\9

where the angle v is defined in accordance with eq. (8). This five parameter
mass formula contains splitting and mixing and we may hope to get a crude
approximation of the real situation within each multiplet and also between

multiplets belonging tc different main quantum numbers n.

Light Mesons

Now we apply the mass formula eq. (12) to the excitations of the ¥ meson.
The five parameters ¢, were determined by a best fit to the masses of <, (S ,
Ay, 8" (1250), $’(1600) and g(1686).

We found two solutions shown in the term scheme fig. 1, which differ in the

-— ++
mixing angle of the 13D and 238 states and in the masses of the 2 and 1

1

mesons. The main feature of these solutioms is the possible identification of

1

the 2 meson either with the Fl(ISAO) or the X](I&AO). The coincidence, also

with respect to the A, mesom, is better in the second case.

]

Ancther consequence of egq. (12) is the mixing between the 13D1 and the 2351

states. From the mixing angle \9= -22.5° we would predict a ratio of the

electromagnetic widths of the g'(1250) and the g'(lGOO)

[{8'250) 29 ¥ici600)

0,28 (13)
lpep (8! (1600)) ' (1250)
and from l )C(O)r=1 '2 /lX(O)r___Ol2 we get

) _ M2(770) 3 2q
Ee_(? (/I(OOO)) = l;:e-(g(:z;o)) m . —2— . . 19 M 2 kev (14)
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while the experimental value is

7 f
IMF(S’ (xféoo))= (1.5 - 2.5) keV

Heavy Mesons

We found from the leptonic widths that the range R0 of the wave functions

of the ¥ s is smaller than that of the light mesons, eq. (7). Therefore we
expect different parameters c; for the ¥s. The limits given in (10) indicate
a different mixing angle, too. We therefore take the masses of Y, the 13D1
and 235I mixings, "iLfand ‘V'”, and the angle |19' = 35° as input.

Then the masses of the other heavy mesons, in particular those with

jPC= 2++, 1++, 0++ depend on one parameter which we chose to be c5/c4. In
the figures 2a and 2b we show the spectrum of the P wave states. There is

12). We therefore may tentatively

evidence 8 for a meson around M = 3.5 GeV
choose the four solutions indicated by the dotted lines in fig. 2(a,b), which
lead to the masses in table 2.

All solutions have in common that the region around 3.5 GeV has nearly

++ ++ ++ . p
degenerate O and 1 states, whereas the 2 state lies close to the ¥

around 3.65 GeV.

A comparison between the parameters of the heavy and the light mesons shows
that the inverse Regge slopes «f_l,which are essentially given by c,s are
approximately in the ratio x'™ (V)/Of'wr(g) ~ Rozfg)/ Rf(l‘) . A correla-
tion between the Regge slopes and the leptonic widths of vector mesons has been

discussed originally in ref. 13.



4. Radiative Widths

A central problem in charmonium type models is the observed smallness of

. L. . f .
the radiative decay width of Y%’ into P wave states. In order to test the
Harmonium model we calculate these radiative widths in dipole approximation.

We use the formula
B i szsh( /z
= 3 o < Fr (15)

With the help of the oscillator wave functions (eq. (3)) and with 13D1 3

.. ] /. ++ _++ e+
mixing we obtain for the decays of ¥ into 0 , 1, 2 P wave states:

F[-sin b -5 s 9] Land
[" =1, g’[‘s«w&wf [’g_m.yjz fo’ Y= 17 e

2

CY PRI G b Y g+

9 10
with : 2 7
N 2 .sﬁ?z CQ _ 9
/ = =& Q k ? €
o 3 ¢ ° 9
k is the photon momentum and the radius R0 is determined from the leptonic
decay width and given in eq. (7). If we calculate [g with k = 0.2 GeV  we

obtain
[, = 44 keV Y an

For the solutioms from fig. 2(a,b) we find in the one quartet model

. . /.
the partial widths of ¥ into 7+ (P wave state):

...281...



M H M1 P g+ O”)' M '->r+ 17)
[GeV] [GeV] [keV] [ keV]
1 3.5 3.53 28 1
=+ 35°
2 3.53 3.5 15 2
3 3.5 3.42 8 90
Af= - 35°
4 3.42 3.5 22 33
Table 2

In case three and four one should see two states experimentally, while in

cases one and two one should only see the one state jPC = O++. The 2++ decay
mode is suppressed in all cases mainly because of its mass very close to the 4{".
We have to favour the first two cases, last not least because of the experimental

’ 1
upper limit for the radiative decay width l_'(q'}' e X) 4) which in its

most restrictive form even might rule out this.

Summary

We have described the decrease and increase in the leptonic decay widths of
J, %), Y/ and Y by a phenomenological mixing model. As a consequence we
obtained a one parameter representation of the spectrum of the excitations

of the (J,%¥). These considerations get a new impact by the discovery of a



new heavy meson. From its mass and our estimate of the radiative decay

++
width of Y/ we would favour a jPC = (0 assignment,
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Figure Captions

Fig. 1. Comparison of the mixing model (spin orbit and tensor force) with
experiment. ( denotes established resomances. For illustration pure
spin orbit splitting is also shown.) The parameters s in the mass

formula eq. (12) are:

: 2]

c.: [GeV < ey <4 c, Cg csfc4
J=+19° 0.36 | 0.99 | 0.22 | 0.3¢ | -0.20 | -0.60
J=-22.5°] 0.45 | 0.82 | 0.24 |-0.64 0.22 | -0.35

Fig. 2(a,b}. Mass spectrum of the cc states with jPC = 0++, I++, 2™ as

functions of hCSICA’ according to eq. (12). The dotted lines denote

the restrictions with one state at 3.5 GeV. The parameters c; are then:

i 2]
cs: [GeV ¢, c, c, <, cy csfc4

1 9 5 8.89 | 3.61 | 0.29 | 2.92 | -1.15 | -0.39
= +35

2 8.65 | 3.61 | 0.35 | 3.46 | ~1.15 | -0.33

3 8.88 | 2.84 | 0.68 |-1.66 1.15 | -0.69
= -35°

4 9.41 2.84 0.54 1-2.85 1.15 | -0.40
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