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Some meson coupling constants in broken SU(4) and the radiative decays of { and 7, ¥
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We calculate vector-pseudoscalar-pseudoscalar and vector-vector-pseudoscalar coupling constants in broken
SU(4) using current algebra and partial conservation of the axial-vector current. As applications of our results,
estimates of the decay widths I'(% — X %), T'(% —7.7), and I'(n,—2y) are presented.

Following the experimental discovery of the
narrow resonances (3105) and 3’ (3700) at SLAC,
Brookhaven, and elsewhere,' a major effort is
afoot to understand the nature of these particles.
Among the host of proposals put forth so far, the
scheme in which ¥ and ¥’ are considered as bound
states of charmed and anticharmed quarks is most
promising.?*® An integral part of such considera-
tions is the search for a group-theoretic classifi-
cation of the newly discovered particles among the
hadrons. Actually even before the discovery of ¥
and ¢’, Gaillard, Lee, and Rosner,* in a remark-
able paper, considered the consequences of the
existence of charmed objects which would fall into
suitable representations of SU(4). In analogy to
the ¢ meson (which is almost entirely built from
a strange quark and its antiparticle), one would
expect the existence of a vector meson ¢, which is
built from a cc pair, c denoting a charmed quark.
Such a vector meson would belong to the represen-
tation 1415 of SU(4). Recently Borchardt et al.?
have independently suggested the same representa-
tion for ¥ and worked out the masses of various
particles which are encountered in an SU(4) classi-
fication scheme. The symmetry-breaking Hamil-

tonian is assumed to be a sum of scalar densities.
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One of these-transforms as the eighth component
of the regular representation of SU(4) and the other
as the fifteenth component. In this paper we pre-
sent a calculation of the vector-pseudoscalar-
pseudoscalar (VPP) and vector-vector-pseudo-
scalar (VVP) coupling constants by making use of
the techniques of current algebra, partial conser-
vation of the axial-vector current (PCAC), and the
aforementioned form of the SU(4) symmetry-
breaking Hamiltonian. Since the SU(4) symmetry
must be rather badly broken in nature, it is all the
more important that one obtain a relatively more
realistic estimate of these coupling constants
which one expects to encounter frequently, for ex-
ample, in the calculation of decay rates. As ex-
pected, we find large deviations from the SU(4)
symmetric values. As examples of the use of our
results, we estimate the 1, -2y, y- X, and

Y- 1,y decay widths.

We write the total Hamiltonian as 3C=3C, +3C’,
where 3¢, =au’® and 3¢’ = agu® +a,u'°. Here X(, is
invariant under SU(4), but 3’ breaks the symme-
try. Consider the process V,;(p)~P;(q) + P,(q’),
where i, j, k are the SU(4) indices and p, ¢, and
g’ the momenta. In the standard fashion

Sini + @l g1 Fipi +a15d1151f1hi> G, (1)

where f; is the decay constant for the pseudoscalar P, and G is the SU(4) reduced matrix element (which,
however, contains the Lorentz structure of the matrix element). It follows that the VPP interaction La-

grangian in the case of broken SU(4) is given by

£.,(VPP)=iG, Tr(P3, PV*) +iGy Tr({P, X\, Ag)8, Tr ([P, X, [V*) +iG s Tr({P, X, }A,)8, Tr ([P, A, [VH) . (2)

Here P and V are the 4x4 pseudoscalar- and vec-
tor-meson matrices of SU(4). In writing (2), we
have set

fw:fK:fn’—'szfrzfné- (3)

This result follows if one extends the Gell-Mann—
Oakes-Renner® treatment to the breaking of SU(4);
it therefore fits in naturally in the present discus-
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sion. In other words, if the SU(4) breaking is not
spontaneous, the above result should hold to a
good approximation. The particle notation used
here follows that used in the paper of Gaillard,
Lee and Rosner. The A, are the 4x4 SU(4) ma-
trices.

After a somewhat tedious calculation, one ob-
tains the expressions of the various coupling con-
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stants in terms of the three parameters G,, Gg, =1.304. To disentangle G} and G}, we use the re-
and G,;. To determine these parameters we use sult of Borchardt et al.,* according to which the
the experimental information on the widths of mass formula determines the ratio of G}, to G;:
*
p, K*, and ¢. Thus Gl,=21.61G,. )
1
ﬁcg-‘i(%)’/zcg_%_—s G!;=0.849, (4) Using this, Gj=2.878 and Gj;=0.482. Actually, we
may obtain two more solutions for the Gj: one by
L, o au/e 4 solving Egs. (5), (6), and (7), and the other by
(2 r_ =0.9 ’ ’ ’
7360 = ()"5Cs 7351 0.910, (5) solving (4), (6), and (7). The first one gives com-
4 parable values for G§ and G5 and is unlikely on
G(,+T§- Gl-4(3V%G,=1.251, (6) physical grounds. The second one gives G/=1.779,
G4=0.007, and G;;=0.151. For both sets of solu-
where G;=G;/V4r . Unfortunately Eqs. (4) through tions G4 is much smaller than G} and G{; and may
(6) do not determine G4 and G;5 separately but only be dropped without introducing too much inaccura-
a certain combination of them. From Egs. (4) cy. There result the relations

and (5), we find that G/ =0.022 and G/ - 4(%)'/2G,

J

1 1 1 4
8onn = 8prx = Bx*kn :ﬁgx*xn:gwkx: ‘ﬁgemr: 'fzco"'—\/? Gis)

8k*DF = —\/—2_gpw =V 2gupp =8¢0 = —8¢rF =& o, rr =Go*t 431G 4,

-1 -1 V3 1
8p*pr =‘/—§gn*on=ﬁ Ep*kF =ﬁgF*DK= —Tgi*rn = _\/——':ZGO ’ (8)

2
8p*pnt= —8F*Fnt= 7‘§G° +4V26G 5,
Ep*pn' =8F*Fn’ =4(§)1/2G15 .
Following a procedure similar to the one discussed earlier, the interaction Lagrangian for the VVP in-
teractions is
Lin (VVP) = ¥V g, Tr(P, V,8,V o) + & Tr({P, X, 1) TT(8,V, 8,V o1,) + g s Tr({P, X A1) Tr(8,V, 8,V oA, ]
(9)

Thus all the VVP-type coupling constants are linear combinations of the three parameters g,, g5, and g,;.
Nevertheless, it is obvious that

88 8151 1 Go:Gg G5

To fix the normalization, we use the value of the wpnm coupling constant determined from the w- 37 experi-
mental decay width and the use of a Gell-Mann—Sharp-Wagner® model. Accordingly, we use the number

(@ upr?/4T) =0.455 /m 2

in the following calculations. Corresponding to the solutions given above for VPP we obtain gj=0.37/
my, g=0.003/m,, gis=0.06/m, and g} =0.42/m,, g;=0.002/m,, gi;=0.04/m,, respectively. Not sur-
prisingly, g, is quite small compared to g, and g,;. Even if we did not drop g,, the number of independent
coupling constants would be much smaller here than in the case of VPP. With g, ignored, the economy is
drastic:

Buwpr = 28 xyxn = Zﬁgppn = 2‘/§—gwwn = 2‘/sgb”‘D)"n = 2‘/—2—gppn' = Zﬁgwwn' = 2\[—6gppné = zmgwwné
=28p*p*n = 28 pi*k = V2gyxgxy =V Bgx*y *ny = 28 uk*K =V2g 4xk =V 28 ot =~V 3L g0
4
= =V Bgptery = 2V 28 s0n = =2V 38k = 2 B¢ 0ng =V 280+ 3815 »

gp*p*nr =V 28p0%0 = Er i = ﬁgw*n=g¢cn"‘o =8F*p*n' =8 p*k*r =8 or*r =8 o, F¥r 80 — 2(5)%gs (10)

1
g%d’c”':_ﬁg%%"' =28,- V625,

1 10V2
8p*p*n. = 8F*F*n. = 73 8ot T3 s
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It is amusing to note that both in the case of VPP and VVP many of the ratios between coupling constants
are unchanged to first order in the SU(4) symmetry breaking.

As an application of these results, we consider the radiative decays ¢.-~ X%, ¢.—~ 7,7, and 7.~ 2y. Here
X° and 7, are obtained by diagonalizing the mass matrix for the 0, 8, and 15th components. Thus my,
=2.758 GeV and m 0 =0.958 GeV. We use a vector-dominance model for these decays. If the coupling be-
tween the photon and a vector meson V is denoted by em,?/gy, then

a \ , (Ml —mg\® o
r(¢c"Py)_'2_4 (gtbcdicP /4‘”)(g¢c /477) my ’ pP=X s Tle s (11)
(4
and
o Svv gv\7*?
.- 29)=% m 3, _v_ng<___ 12
(.~ 2)=1g Mo, v=p§¢'% =\ (12)

There exists no reliable estimate of the relative strengths of the photon-vector-meson couplings in the
literature. In the Glashow-Iliopoulos-Maiani model’ where the quarks are fractionally charged, the charge
operator is given by

V2 1
QzT F0+F3+J—_§Fa‘(§)l/2F1s-

Hence, if exact SU(4) is assumed,

gi.g;_.&ﬁ.g%z..l S S

il vkl vl v 1:3:5%. (13)
However, the use of (13) leads to too large a decay width for ¢.—~ X% . For example, using the first set of
solutions we get I'(¢,~ X °) =345 keV, which is much too large considering the experimental number of
about 70 keV for I'(¢,—all). From the same numbers we get I'(¢.~7,y) = 33 keV and T'(n,~2y)= 1.4 keV,

which is reasonable. Since SU(4) is badly broken and mass differences are important, we are reluctant
to take (13) too seriously. If we retain the masses, (13) is modified to

(€2/4) : (g,2/41) : (g2/47) : (g4 2/4M) + 1 b+ m 2/m2) : som &/ m2) : hlmg? /m2)? . (14)
Again using the first solution, I'(¢,~X%)=1.3 keV I'(¢,~ n,¥)=0.1 keV, and I'(1,-2y)=2.2 keV.

Finally, we mention the relation suggested.by Yennie® which is equivalent to

e\, (gl 7. ga\7t. g2\ 7., ) .
(mp/g)(zﬂ m(v) .(ma,/z)(zﬂ .(m,,,c/s)(—;’;-) ::(0.72£0.10) : (0.76 + 0.08) : (0.67 + 0.07)
:(0.65+0.07) .
(15)

The use of (15) and the first solution results in the estimates I'(¢,~ X%)= 77 keV, (¢, ~n.¥)= 7.5 keV
and I'(n,— 2y)=~ 0.9 keV.

Of the three alternatives for the photon-vector-meson couplings considered above, (14) seems most
plausible. Further work on the applications of our results is in progress.
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