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Several simple intra- and inter-16-plet boson mass relations in broken SU(4) [including broken SU(3) and
SU(2)] are derived from the chiral SU(4) ® SU(4) charge algebra, by using the hypothesis of asymptotic
SU(4). The mass formulas are exact except for the neglect of inter- (but not intra-) 16-plet mixings and take
into account the presence of the quark-line-type selection rules inherent in the theory. They can predict the
masses of the D*(177),D**2**),... and F(O~*), F*(1~ "), F**(2* *),... as well as the K* K**,..., once the masses
of the K, D, and pion members of 16-plets are given. The result is compatible with the recently observed D-
D* mass splitting. Implications on the productions and decays of the D and D* are also discussed.

In the charm' scheme of SU(4), we denote® a 15
® 1-plet boson by a,(r,, K,, 1,, M., D,, F,and 7)),
where 7 stands for JP€ and other quantum num-
bers. There have been numerous works? which
give mass relations based on certain assumed
SU(4) [or SU(8)] transformation properties of the
hadron mass operator, although from the pertur-
bation-theoretic point of view the large masses of
new resonances imply that SU(4) [or SU(8)] is a
badly broken and perhaps not a very useful sym-
metry. However, if the underlying quark dynamics
is favorable one can derive® SU(4)- and SU(8)-like
mass relations without subscribing to perturbation-
theoretic arguments.

The purpose of this paper is to discuss, in this
approach, some characteristics of the charmed-
meson masses, production, and decays in light of
the discovery® of the new state at 1.865 GeV.

The basic assumption is the hypothesis® of as-
ymptotic SU(4). One can trace the multiplet clas-
sification, made in our asymplotic limit, in the
real world through the chiral SU(4) ®SU(4) charge
algebras which are valid in broken SU(4). Thanks
to asymptotic SU(4), the inherent SU(4) particle
mixings can be treated® in our k -~ limit among
the physical creation or annihilation operator
aa’,(E, A) of a 16-plet » and the hypothetical repre-
sentation operator a;, (K, (j=0,1,...,15),
where ¥ and f belong to the same J¥€ or J¥. Then
the matrix elements*of the vector and iixial-vector
charges, (a,|V;|B,(k)) and {(a,|4,|B,(k)), etc.,
can be parametrized in terms of a few reduced
matrix elements using the conventional prescrip-
tion of exact SU(4) plus mixings but only in the lim-
it k =, However, in this paper we consider only
the full SU(4) mixings [including broken SU(3) and
SU(2)] in the same 16-plet . Since SU(4) is more
broken than SU(3), the inter-16-plet SU(4) mixings
neglected may turn out to be important.®> The test
of our predictions among charmed mesons is thus
instructive also from this point.> The usual me-

15

chanism of SU(4) breaking is expressed® algebra-
ically by the presence of the exotic commutation
relations [V, V,]=[V,,A,]=0 with V= (d/dt)V,,
where (o, B) stands for the exotic combination of
the physical SU(4) indices.? The Gell-Mann-Oku-
bo-mass~formula-type (but exact) SU(4) con-
straints, involving the squared masses and the 7,-
Nep=M,-Ty mixing angles, follow for any 16-plet »
from [V,, V,]=0. [V,,A,]=0 also yields several
intermultiplet as well as intramultiplet mass-
mixing angle sum rules. Assuming exact SU(2),
Takasugi and Oneda® used these sets of sum rules
to determine the w-¢-y¥ mixing angles and subse-
quently the D* and F* masses, when the mass of
the ¥ (J) was given by experiment. Combined with
the interrultiplet mass relations, the masses of
D, F, n,, etc. were then computed.®

However, there are several reasons which in-
dicate that this route is subject to considerable
error (= 10%), unless the effect of SU(2) breaking
is taken into account. (In fact, the predicted mass®
of D~2.11 GeV is larger than the mass value of
~1.865+0.015 GeV of the new particle* which may
be identified with the D.) First, for the ideal 16-
plets one of the mixing angles vanishes.® Thus the
n,-m%, nl-m°, and 7),,-7° mixings arising through
SU(2) breaking cannot be neglected. Second, for
the ideal 16-plet » the axial-vector matrix ele-
ments involving the 7, and 7, (which become a
pure ss and cc state, respectively) vanish,® i.e.,
we have (1, [A,,_ W;(E»:(mr |A,- n,j(l?)) =0 and their
SU(4) counterparts (selection rules), where Kk~
and u is arbitrary provided that C,C,=1. Then the
neglect of the G-forbidden matrix elements such
as (n2|A,,- 7:(K)) produces appreciable error.
Third, for the nonideal 16-plet 0°*, the n°-n, 7°-n’,
and 7°-7, mixings cannot be negligible, since the
n-n’ mixing angle [which arises through the SU(3)
breaking] itself is small. In SU(3) but in the same
theoretical framework, Slaughter and Oneda re-
cently found? that the SU(2)-breaking effect is in-

884



15 D AND D* IN THE PURELY ALGEBRAIC APPROACH TO... 885

deed nontrivial especially for the prediction on the
ninth 0™* meson mass. For the G-forbidden matrix
element (p‘jA,. p*(K)), they also found
(p°|A,-|p*(Kk)) ~0.25(¢ |A,-|p*(k)). Since the rate
of ¥ -~ pw is extremely small, this implies

(zp]A,_ pY=<(p° [A,- p'). Therefore, the impor-
tance of the inclusion of SU(2) breaking in the
usual route® of SU(4) for predicting the masses of
D*, D, etc. is apparent.

However, it turns out that some particular inter-
multiplet as well as intramultiplet mass relations
can be obtained even in the presence of SU(2) brea-
king and they retain simple forms without involving
mixing parameters, as long as we are able to ne-
glect the inter-16-plet SU(4) mixings. The deriva-
tion of these sum rules is straightforward,® al-
though we have to deal with six mixing angles.
From [V,, V;]=0 we obtain for any

2 2
2 2 _ 2 2 2 0“ _ o 2
F,2-D =K/ -7 F/-D%=K%_-n? (1)

which also implies for any »

D,"*-D¥ =K% -K,”. @)
By realizing the [V,,A,]=0 between the 16-plet »
and # with C,C,=—-1 in our asymptotic limit and
combining the result in a hybrid way, the following
SU(8)-like (but more general) inter-16-plet mass

constraints are obtained, where » and ¢ are arbi-
trary:

02 +2 _ 02 +2 +2 2 _pr 42 +2
Ky -mn'2=K}{ -n,%, K/ ™-7m"=K/* -7,

(3)
DF -7, %=D —1%, D7, ?=D, -,
(4)
Equations (1)-(4) imply the simple relation
K -K$'=K - K{*=D% - D¥=D}* - D}?
=F2-FP=m2_m (5)

It is interesting to see to what degree the inter-
16-plet mixings neglected affect® these simple pre-
dictions. The ordering of the masses and the mass
spacings among the members of D(0™*), D*(1™),
D**(2**)...and F(0*), F*(1™), F**(2**)... as well
as K(0™*), K*(177), K**(2**)... are fixed, once the
ordering and the spacings of the masses of the
pion members of 16-plets, 7(07*), n(177), 7(2**),...
are fixed. Equation (5) implies that the lowest-
lying charmed meson should be the D(0"*). It is not
very easy to pinpoint the central mass value® of
broad resonances. At present, the most relevant
predictions are D2 — *2=D*02 _ p*2=p**02 _ A *2
= 0 and D+2 _D02 =D*02 _D*OZ =D**+2 _D**02 =K02
—K*¥=..., With the input of D°=1.865 GeV and
values for K° K*, and n* from the Particle Data
Group, we find from Eqgs. (1) and (2) D*=1.866 and
F*=1.925 GeV. In the framework of broken SU(3)

TABLE I. Charmed-meson mass spectrum as predict-
ed by asymptotic SU(4). [Inter-16-plet SU(4) mixings are
neglected.] We choose A}~1.310 GeV.

r=JF° DY (GeV) D} (GeV) F} (GeV)
0"*  1.865 (input) 1.866 1.925
1" 2.0062% 2.014® 2.0072 2.015° 2.0622 2.070°
2 2.275 2.276 2.325

2See Ref. 7, p*=751.70 MeV.
bp* is taken to be 773 MeV.

plus SU(2), Slaughter and Oneda found’ that p*
~1751.79, p°=751.76, K**=888.52, and K*°=890.74,
when w="782.66 and ¢ =1019.69 MeV were input.
If SU(4) breaking does not appreciably affect® the
mass spectrum obtained” in the usual SU(3) sector,
we can determine D*°, D**, F**, D**°, F*** etc.
from Eqgs. (1)-(4), since p* is known.® The results
based on this p* mass are presented in Table I.
For the purpose of comparison, we also list the
results for the value' p*=~p°="773 MeV from the
Particle Data Group. The predicted mass values
of D*°, in the range of 2.007-2.015 GeV (depending
on the choice of input p mass), enable us to identi-
fy the D* with the system of mass 2.01+0.02 GeV,
which is produced in association with a new state?
of mass 1876 + 15 MeV.

As will be discussed later (Table II) the branch-
ing ratios

R(D*%) =T(D**=D*r")/T(D*° - D°°)
and
R(D**)=T(D**-D°1")/T(D** - D*n°)

will be significantly smaller from their SU(2) val-
ue 2, especially if the p mass is in the range of
750-760 MeV.

We have presented clear, simple, general, and
the most reliable (in our formulation) predictions
which are independent of the values of the p°-w-¢-
¥ and 7°-n-n'-n, mixing parameters or of the actu-
al gqq composition of the mesons in the presence of
SU(2) breaking. Since the masses of the D and also
of the D* (as computed in this paper) are sharp,
comparison with experiment is certainly interest-
ing. The only small uncertainty involved in pre-
dicting the masses of the D*, F*, F, etc. is the
slight ambiguity associated with the precise mass
of the p* or K** (if we replace the p* mass by the
K** mass using our relation K**2— p*2=K*? - 71*3).
Our prediction of the small SU(2) mass splittings
of D, D*,etc. is also different from other works.!!

At this point we address the question of whether
our mass values of D and D* can be compatible
with the mass of ¥. The compatible fitting of the
D* and ¢ with the p°-w-¢ -3 mixing parameters will
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TABLE II. Some charmed-meson partial widths and @ values are predicted by asymptotic
SU(4). [Inter-16-plet SU(4) mixings are neglected.] We choose A3=~1.310 GeV. For p*
=751.79 MeV the mode D**—D*r" is greatly suppressed.

Partial width (keV)

Q@ value (MeV)

p*=1751.79 p* =773 p*=751.79 ot =773
Decay MeVv 2 MeV MeV 2 MeV
D** —Dlr* 28.7 243.2 2.4 10.4
D**—p*r? 53.1 182.4 5.9 13.9
D**—D*y 4.4 5.2 140.9 148.9
D0 —pOr0 54.5 182.4 6.0 14.0
DX —Dp*r 1.4 167.2 0.3 8.3
D*x0—DOy 71.1 83.5 141.0 149.0
D***—(Dr)* 11.1 (MeV) 11.1 (MeV) 273 273
D**0—(Dr)° 10.9 (MeV) 10.9 (MeV) 272 272
D***—(D*r)* 5.7 (MeV) 5.5 (MeV) 132 124
D**0 — (D*q)0 5.8 (MeV) 5.3 (MeV) 131 124
2See Ref. 7.

be relatively easy to achieve, since it amounts to
finding theoretical mass values of octet vector
mesons which are consistent with all our theoreti-
cal constraints. However, the central mass values
and SU(2) splittings of the vector mesons are not
precisely known. A considerable portion of the
200-MeV difference between the previous predic-
tion® on the D* mass [with exact SU(2)] and our
present one could come from the assignment of the
input octet vector-meson masses in Ref. 3. In
fact, a different (but reasonable) choice of the oc-
tet vector-meson masses in Ref. 3 can produce a
substantially lower D* mass, which in turn (via in-
termultiplet mass relation) predicts the D mass
closer to the experimental value. For the pseudo-
scalar mesons, the masses of 7, K, and 1 are well
known but there are also the following complica-
tions: (i) The problem of the n’ (X or E?). (ii)
X (2.8) is not well established. (iii) The width of
the 7, could be very large (Ref. 3). If we input n’
=E(1420)~1.416 GeV and 7,= X(2.8) ~2.8 GeV in
the pseudoscalar intramultiplet mass equation of
Ref. 3 [which, however, neglects the SU(2) break-
ing] we predict a D mass of 1.91 GeV. On the other
hand, the choice of n’=X(958) yields a D mass of
2.18 GeV. Therefore, the experimentally estab-
lished value of the D mass and the presently avail-
able possible mass value of 1,~2.8 GeV are not
inconsistent with the result of Ref. 7, which pre-
dicts that the 1’ should be the E(1420) in broken
SU(3) and SU(2). The study of the mass of 7, [in
terms of the masses of the D and 7’ = E(1420)] in-
cluding broken SU(2) is being undertaken.

Stvong and radiative decays of D*°, D**, eic.
Neglecting now SU(2) breaking, we note the broken
SU(4) relation

(D*|A,.|D* (k) = (1/VZ ) {p°|A,- |7 (K)

for l:—wo. Using partial conservation of axial-vec-
tor current (PCAC) for A,., T'(p®—n*1") =152 MeV,
and the masses of D* and D listed in Table I, one
can compute the rates of D* -~ Dr decays.!? Also
estimates of the rates of the D** —~D7 and D**
—~D*r are made in a similar way,'? by comparing
these decays with their SU(4) counterparts, K**
—Km and A,—-pm, respectively. The results are
displayed in Table II for p*="751.79 MeV and p*
=773 MeV. The quark charge assignment and
asymptotic SU(4) roughly predict!® that

& p*0p0, 8 pkepey (8 ury, =4 1113, (6)

Thus with the input I'(w -7 y) ~870 keV, the D*

-~ Dy widths can be computed. They are listed in
Table II again for the two chosen values of p*.
From Eq. (6) we first note that the ratio of the
rates of the production processes e*+e”~— (y) =D**
+D7,D* + D* versus D**+D° D*°+D° is greatly
suppressed, i.e., ~& for both values of p*. The
produced D*’s in these reactions decay quickly into
either D+m or D +v. According to Table II the p*
mass value plays a significant role for the branch-
ing ratios of the D* decays and, therefore, for the
ratio of the number of D*’s to D%’s observed in the
reactions. If the above considered production pro-
cesses dominate over other processes (present
experiment? is consistent with the production
scheme e*+e”~D*°+D° D*°+D°), our result pre-
dicts N(D*,D")/N(D°, D°) ~ 6% for the choice p*
=751.79 MeV and ~29% for p*=773 MeV. To the
approximation (no inter-16-plet mixings) adopted
in this paper, Eq. (6) also holds for the virtual-
photon processes. For energy E in the e*e” annihi-
lation larger than 4.012 or 4.028 GeV (depending
on the choice of p*), the channel e*e”—D* +D* be-
comes open and D* will be produced more easily.
We also find that about 57% of the D’s and D®’s ob-
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served should be accompanied by a photon for p*
=751.79 MeV as opposed to about 19% for the case
p*=T73 MeV. The search for this monochromatic
photon (with energy ~ 140 MeV in the rest frame of

the parent D*) will certainly be enlightening.
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