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SU(4) symmetry and the decays of the new hadrons*
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The masses and mixing of the 0 and l mesons are calculated in an SU(4) model assuming that Q(3095) is a
pure

~
cc) state. The meson masses are predicted using the masses of the usual hadrons and the Q(3095) as

input. The hadronic and radiative decays of the mesons are calculated using three proposed quark models.

The recent discovery of the narrow resonances
$(3095) (see Ref. 1) and g(3684) (see Ref. 2) has
promoted a renewed interest in SU(4) and SU(8)
schemes. " Borchardt, Mathur, and Okubo' de-
rived predictions for meson and baryon masses
based on the SU(4)-symmetry-breaking interaction

8' =T +aT„,

~2 =2.98 GeV2, Q =-0.23 GeV2 u =24 0

I ~ =2 95 GeV' g=-0.16 GeV2.

The quark content of the vector mesons corre-
sponding to this solution is

op'= ~ (uu —dd) „

(3)

(M')t; =Ms&;l +A(d teed+ate tl),

(M')„=a(&„+a&„,),
(Ms)„=M,s .

(2)

M' and Me' are the SU(4)-invariant squared masses
of the regular representation 15 and the singlet
representation, respectively, and A and B are the
reduced matrix elements. In terms of the known
masses of the p, K*, cc, g, and g a numerical
analysis leads to a solution

where T, and T» belong to the same 15-dimen-
sional representation of SU(4).

The $(3095) is assumed to have 7~=1 and I =I'
=0 and is assigned, together with the usual vector
mesons p, K*, tc, and Q, to the 44*=15@1 rep-
resentations of SU(4). The pseudoscalar mesons
are assigned to another 1581 representation. The
decomposition of the 15-piet in SU(3) is 15&8S33
$3*S31. The representation 3 contains an SU(2)
doublet D (D*) and singlet E (E*) of pseudoscalar
(vector) mesons which have nonzero "charm. "

The g' [=$(3684)] is assumed to belong to another
16315 representation of SU(4) together with the
p'(1600), to', p' . In an alternative classifica-
tion' the P and f' were both assigned to the same
115 representation.

In the following, we shall reanalyze the mass-
diagonalization problem' for the mesons in the
radially excited SU(4) model of the $(3095) in the
light of more recent data on the radiative' and
hadronic' decays of the g and the possible dis-

, covery of a charmed meson at SPEAR' with a
ma, ss -2.4 GeV.

The mass-squared matrix for the 115 repre-
sentation of the vector mesons V; (i =0,1, . . . ,15)
can be written as'

K*'=ds,

&c =O.VOV(uu+dd) —0.03Vss +0.0039cc,
= -0.026(uu +dd) —0.9993ss —0.0033cc,

D* = (uc, dc),

M' =2.92 GeV' A. = -0.28 GeV' a =24.0,

I,' =3.10 GeV' a =-0.17 GeV'.
(5)

The physical eigenstates for the pseudoscalar
mesons are

tt' = (uu —dd),
1

K =ds,

tl =0 569( +u.dud) —0.593ss+0.0066cc,

Xc = 0.419(uu + dd) +0.805ss +0.026cc,

D = (uc, dc},

E =sc

ri, =0.015(uu+dd) +0.01 Vss —0.996cc.

(6)

We see that this solution leads to a physical f
wlllcll is a vel'y pure (cc) state. Ill Table iwe sllow
the masses obtained from the diagonalization of the

g = 0.0029 (uu +dd) +0.0032s s —0.9999cc,

where u, d, and s are the usual I =-,' and 0 SU(3)
triplet quarks and c is the charmed quark.

For the pseudoscalar mesons, the mass-squared
matrix takes the same form as Eq. (2), but the
parameters are now
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TABLE I. Predicted masses obtained from the diag-
onalization of the mass-squared matrix.

TABLE II. Strong decay widths. The p n.7r width was
ed a i"pu" o d mi e gvpp ~

Particle
Predicted mass

(Mev)
Experimental
mass (MeV) Decay

Theoretical
widths

Experimental
widths

po

E+'

Dgo

0

E'

x'
DO

771
891
786

1001
2273
2316
3111

129
509
522
977

2362
2413
3259

770 +10 '
892.2 +0.5 '
782.7 +0.6 ~

1019.7 + 0.3 3

~ 0 ~

3095 b

135
495 7

548.8 +0.6 8

957.6 +-0.3 8

~ See Particle Data Group, Phys. Lett. 50B, 1 (1974).
"See Refs. 1 and 2.

mass-squared matrix. The predicted masses of
the D* and E* (&~ =1 ) mesons are close to 2.4
GeV. This prediction would agree with the recent
discovery at SPEAR of a new particle with a mass
-2.4 GeV, which decays into lepton pairs v„, p,

'
and v„e and could be identified with either the
D* or E* mesons. If any of the p. e events repre-
sent two-body decays of charmed particles, then
they must a". ise from D* (and/or E*)-l P+, since
D(F)- l+ v, should be greatly suppressed because
of the helicity structure of the conventional weak
currents. In fact, the p. e events can be attributed
to charmed-meson decays only if, as in the pres-
ent case, the masses of the D* and I'* are lozoe~
than their pseudoscalar counterparts; otherwise,
the decays D*-D+y (E*-E+y)would be the domi-
na, nt modes.

It is important to note that unlike in the work of
Okubo et al.' the predicted mass of the g„3260
MeV, lies above that of the g. This places it con-
siderably higher than a recently discovered' candi-
date at -2800 MeV. A higher-lying q, could, per-
haps, be identified with one of the newly ob-
served"" y states.

The hadronic decays of the mesons are calculated
using the SU(4)-invariant effective Lagrangian

& rs s =&rJ ~A&a && &g s
p &a (7)

where the V, (P, ) are the components of the vector
(pseudoscalar) meson 15-piet and the f,» are the
SU(4) structure constants. The decay widths are
obtained from Eq. (7) by making use of the physical
eigenstates in (4) and (6). The results" are dis-
played in Table II. The prediction for I"(p-KK)

P ~ Tl"F

KE
rP KK

E*E+E*E

160 MeV
3.00 MeV
60 eV

~0
-20 keV

150+10 MeV ~

3.41 +0.36 MeV ~

~35 eV~

See Particle Data Group, Phys. Lett. 50B, 1 (1974).
See Ref. 7.

where p, , is the quark magnetic moment and M~ is
the proton mass. The transition moment p.„
(=-g~, ) is defined by

0 Pg, ~

0 )0']g

where Q,. and o„are the charge and the z compo-
nent of the Pauli spin matrix of the ith quark.
From this equation we see that different quark
models will predict different decay rates for tran-
sitions between particles which have charmed
quark components. In Ref. 16 the charge of the
charmed quark is Q, =-—,'. This will be referred
to as model I. The scheme in which Q, = —', (model
II) was devised" in order to suppress strange-
ness-changing neutral-current effects in. hadronic
weak interactions. We will also consider, for the
sake of comparison, the case" Q, = ——', (model III).
The results of the radiative-decay calculations are
presented in Table III for the three models.

The predictions in Table III are in considerable
disagreement with recent measurements" "of the
p- n +y, K*0-Ko+y, and P- q+y decay widths.
If these measurements are corroborated by future

is higher than the experimental upper bound, but
this is not a serious problem. "

We shall now consider the ra,diative decays V -I'
+y and P- V+y. They will be calculated by using
the magnetic dipole moment (M1) transitions within
the broken-SU(8) quark model. As will be seen be-
low, the quark model appears to have some diffi-
culty" in describing even the more familiar radia-
tive decays such as p- ~+y. Nevertheless, we
shall use it to get rough order-Iof-magnitude esti-
mates for the radiative decay widths of the new
particles. The width for the transition a- 6+y is
given by"

I"=2.226 — ' ' "" Mey,
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TABLE III. Predicted radiative decay widths of vector and pseudoscalar mesons in keV.
Models I, II, and III are referred to in Refs. 16, 17, and 18.

Decay Model I
Theoretical widths

Model II Model III
Experimental
widths (keV)

I"(p n y)
F(p- nV)
r(p g+ ~+~)
r(K* E y)
r(ar m y)
F(co r)y)

r(y —~ q)
r(4 —nv)
r(y -x'q)
F(y -~'g
r(g —ny)
r(y -x'q)
F(X py)
r(x
r('0 O'Y)

F(g cup)

r(q, -yq)
r(n. -0 v)
F(P y oft+)

r (D++ Dg++~)
r (D+ Dg+ ~)
r(D'-D+'q)

125
94.8
70.1

281
1180

11.0
3.6

168
1.3
1.3
3.3

15.9
37.0
4.1

33.7
7.7
5.4

39.4
8.27

1.59
6 4

125
94.8
70.1

281
1180

11.0
3.6

168
1.3
1.3
3.0

74.4
37.0
4 1

33.7
0.3

1.6.4
158

2.07

1.59
25.4

125
94.8
70.1

281
1180

11.0
3.6

167
1.3
1.3

29.0
275
37.0
4.1

33.7
24.7
0.3

630
51.7
6.4

39.7

35 ~10 a

&80
75 +35b

870 +80 '
&50 '
5.9 + 2.1 d

65 ~15 d

07e

270 c

80 c

'See Ref. 19.
b See Ref. 20.

See Particle Data Group, Phys. Lett. 508, 1 (1974).
d See Ref. 21.
'See Ref. 6.

experiments, then it is clear that the present
method of calculating these widths will have to be
modified. " However, note that it is the conserva-
tion of quark lines, "guaranteed in the present ap-
proach, which leads to the satisfactory suppres-
sion of the P- vo+y and g- wo+y rates. '~

Since m' does not contain any charmed quarks,
models I-III all predict the same rate for P- v +y.
From Table III it is evident that the best means
for discriminating between models is provided by
the decays g-X'+y and q,- g+y. Obviously, if the
q, were a pure cc state the P- X'+ y width would
be equal to zero in the presentapproach; this width
is very sensitive to the degree of impurity of the g,.

It is also important to realize that an g, at -2800
MeV would result in an unacceptably large width
for g-q, +y in all models. " For example, in
model II, I'(f-q, (2800)+y)=600 keV. It would be
hard to understand how the quark-model estimate
(even with all of its assumptions) of this width
could be wrong by three to four orders of magni-
tude.

The above results show that it is possible to con-
struct a radially excited SU(4) model of the g and
P' which leads to masses and decay rates in rea-
sonable agreement with recent data. There is
some evidence in 7t interactions of a charmed-par-
ticle threshold effect which favors models I and
III.'4 The question of which quark model underlies
the SU(4) hadron spectroscopy would, of course,
be unambiguously settled by the charges of the
charmed mesons E, I'* and the charmed baryons.
It is interesting to note that in. a dynamical quark-
model calculation of the leptonic decay widths of
the vector mesons, the "natural" choice for the
quark-antiquark internal wave function at the ori-
gin, $(0)-m+, leads to the predictions

I'~/m~: I' /m: I&/mz. I"&/m
&

= 9:I:2:2

in model I. This is consistent with the latest ex-
per imental value

I'(P- e'e ) =4.8 +0.6 keV

(see Ref. I).
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