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Based on a relativistic version of the phenomenological couplings among hadrons in the broken
SU(6) X O(3) quark model developed largely by Mitra, we calculate the decay width and the
corresponding branching ratio for the four-body decay process f° — 4. In addition, we assume that
the dominant contribution to the process f°— 47 comes from the mechanism f° = A4, (pm)m - 4.
The model makes a very interesting prediction for the branching ratio D(f° —n*n*n™n7)/D(f° - )
which turns out to be 3.1%, in excellent agreement with the recent experimental value of

(3.7 4 0.7)% determined by Anderson et al.

Ever since its discovery,' the f° meson has been
a subject of extensive investigation. Although its
existence has been confirmed and its quantum num-
bers I°(JF)=0"*(2") have been fairly well established
in many experiments,? the information about its
decay modes has been rather sparse. A particular-
ly interesting process is the four-body decay mode
f°—~4m which seems to have received some atten-
tion during the past few years. Some of the ear-
lier estimates of this decay have been made by
Ascoli et al.,® who obtain the branching ratio
L(fo~n*n*n"a7)/T(f° - mm)~T7%. The most likely
mechanism suggested by these authors for this pro-
cessisvia f°~pp, where the p mesons are emitted
mainly in a relative s wave, and then each p meson
decays into two pions thereby yielding a 47 final
state. It is pointed out that if the d-wave ampli-
tude is neglected, the f°—47 amplitude can be
completely determined® in the p — 77 decay width.
The other experimental estimate for this decay,
reported by Oh and collaborators,® corresponds

to the branching ratio ~(4.7+1.1)%. These investi-
gators, however, make no mention about the mech-
anism for the decay in question. The branching
ratio was further revised most recently by Ander-
son and collaborators® from a study of the reaction
mtd~n*wtnTnTpp,, where p is the spectator pro-
ton. The value of the branching ratio established
in this experiment is (3.7+0.7)%.

Unfortunately, there have been comparatively
few attempts to compute this decay process in a
theoretical framework. A model for the f°— 47w
decay was proposed by Banyai and Rittenberg’
using the effective Lagrangian techniques, chiral
dynamics, and vector-meson dominance. Contrary
to the pp mechanism advocated by Ascoli et al.,?
the decay f°— 47 is assumed to proceed mainly via
A, and p mesons in the intermediate state. The
resulting branching ratio in this model is predict-
ed to be 2.9%, in reasonable agreement with the
experiment.

The purpose of the present investigation is to
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compute this decay and the corresponding branch-
ing ratio of the f° meson in a simple relativistic
quark model developed largely by Mitra.® The
relativistic couplings appropriate for the evalua-
tion of these vertices are constructed in a pheno-
menological sense, thereby incorporating some
degree of parametrization?+® by making extensive
use of the broken SU(6) X O(3) group structure.
Here the rotation group O(3) is designed to in-
corporate the internal orbital excitation (L) of

the quarks in the hadrons. The main advantage of
this extended group over SU(6) lies in its remark-
able capacity to accommodate experimentally
known resonances up to L=2 in the most economi-
cal representation. The chief ingredient in this
scheme is provided by a single-quark transition
with the emission of a meson, regarded as a quan-
tum of radiation (mass p, energy w,) correspond-
ing to the basic ggP coupling. The resulting
“direct” and “recoil” terms are combined suitably
in the form factor which not only gives a better
form of parametrization but also introduces the
desired symmetry breaking through the masses

of the hadrons participating in the interaction.

The empirical structure of the multiplying form
factor for a supermultiplet transition from an
initial gq state (mass M) to a final gq state (mass
m) is assumed to have the general form

FrR®) =g u= M u/m )V (u/w) @My, (1)

the plausibility of whose structure is based on
physical grounds.® Here g, is the only adjustable
dimensionless parameter. The exponent (L +1) is
used for the higher-wave and (L —1) for the lower-
wave supermultiplet transitions.

Now we apply the general prescriptions of the
model to the study of the 47 decay mode of the f°
meson. The four-body decay process f°—4r is
assumed to proceed mainly via A, and p mesons
in the intermediate state according to the sugges-
tion of Banyai and Rittenberg” and is represented
by

SO~ AT~ (pm)T 4T,

The coupling structures governing this process
are f°A,m, A,pm, and p77 for which explicit con-

I zf(mf-li)z <&> )\.3/2(31, mfz’ “‘2)
P Joue sy ) [my® = s)) +m, °T 4 %]

xf(x/?fﬂﬁ(gs—z) )\1/2(32, u2, HZ)Al/z(gu s‘&.."’.'fl
4 [(mpz—sz)2 +mp2I‘p2]

42 Sy

structions have already been worked out® for the
purpose of application. Since f° and A, mesons
are supposed to belong to the L=1 supermultiplet,
the vertex f°A,m is governed by the self-coupling
of the form

1
foAlﬂ: —ﬁf‘“’Aw(aun) s 2)
with the corresponding multiplying form factor
given by
S 0ayn =go(2m,/p), w1 =pion mass. 3)

The vertex A,pm corresponds to a supermultiplet
transition from L=1 to L=0, and can, therefore,
be written as

1
Amnzﬁfwﬂﬂm+u%ﬁA“ (4)

to be multiplied by the form factor
fAlpﬂ =g1(2mA1/}12) . (5)

Similarly, the structure for the pnm coupling can
be written in the form

pum: ieasypﬁ‘nﬁa“ﬂ, (6)
with the relevant form factor being

fpmr :go(ZWlp/p') . (7)

It is now a matter of straightforward application
to write down the invariant T-matrix element
squared, dominated by the A,- and p-meson poles,
for the process f°-4n. Using the four-body co-
variant phase-space calculations,**'*? the expres-
sion for the decay width is given explicitly by

~ Ccc 2g22 2 4,”2 3
0 ptpto - 1~2v3 8o 81
DO ~mtntrn) < 2V6 > <47r> (41r)<p2m,> L

®)

Here C,, C,, and C, are the SU(3) factors for the
fAm A pr, and prm vertices. The coupling con-
stants g, and g, are given by

g0°/4m=0.03 and g,%/4n=0.08 . 9)

These values are fixed by independent experimental
comparisons. The phase-space integral /,, ap-
pearing in Eq. (8), has the form

["4‘“"2’%,412 +(s5 =5, = p?)?] [_4“'2mp2 +(sy -5, +p)?],

(10)
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where s, and s, are Mandelstam-like variables de-
fined in Ref. 10. The function A(a, b, ¢) is defined
as

ra, b, c)=a®+b®+c® —2ab - 2bc —2ca. (11)

The phase-space integration, Eq. (10), is com-
puted numerically to obtain an estimate for the
decay width f°~47. As a result of our calcula-
tions, we find the decay width'?

L(fo-~n'n"71777)=2.32 MeV. (12)

This resultis based on the further assumption that
f° and f° both belonging to the same tensor nonet
in the L =1 supermultiplet, are mixed in accor-
dance with the ideal mixing angle such that f° con-
tains only nonstrange quarks. The branching ratio
corresponding to the process f°— 47 is predicted
to be

T(f°=n"nta"n7)/T(f°~n7)=3.1%, (13)

in excellent agreement with the experimental
value® of (3.7+0.7)%. We also note agreement of
our result with that of Ref. 7 because the SU(3)
coupling scheme is the same for both approaches.
The advantage of the present scheme is that it fits
into a very inclusive framework which works well
for a large class of decay processes.

Finally, we report briefly on the three-body de-
cay mode f°~ KKm which may be regarded as pro-
ceeding via a two-body K*(892)K channel in the
intermediate state such that

fO~ K*(892)K ~ (Km)K .

The couplings appropriate for the evaluation of
these vertices can be easily written down in the
context of our model.® Since f° and K*(892) belong
respectively to the L =1 and L =0 supermultiplets,
the vertex f°K*(892)K is governed by the transi-
tion from L =1 to L =0 and the structural form of
the coupling can be written as®

PARASHAR 10
FOK*K: i€qgy £ (8,K)(0K7) (14)

and the corresponding form factor is
fronri =& (mg/ ) V2(@m;/mg?) . (15)

Similarly, the K*(892)Kn vertex is governed by the
self-coupling (L =0 to L =0):

K*Kn: K7,K*(@®m°) +H.c., (16)
with the form factor
F it = Golmy /)Y@y /my) (17)

Proceeding as before, the appropriate expres-
sions for the decay width for the process f°—~ KKm
can be easily written down. After doing the neces-
sary computation, we obtain the result

I'(f°~KKm)=1.61 MeV, (18)

and the corresponding branching ratio turns out to
be

I(f°~KEm)/T(f°~ nm) =2.1%, (19)

which is within the experimental upper bound® of
about 7%.

Finally, we take a look at the 7m mode of the f°
meson. The decay width for this mode turns out to
be about 5.7 MeV, so that the branching ratio is
predicted to be

T(f~nm)/T(f°~ 1) =17.6%. (20)
This ratio can be compared whenever the experi-
mental measurements become available.
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13strictly speaking, contributions due to other possible
mechanisms suchas f —pp — (1) (w7) | f— €€ — () (77),
€ being the I= 0 scalar meson, etc., should be taken
into account in the calculation of the decay rate for
the process fY —4m. Unfortunately at this stage the
coupling structures for these channels are unknown, at
least in the context of the quark-model formulation
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adopted in the present investigation. Moreover,

Banyai and Rittenberg (Ref. 7) have shown that the

pp model of Ascoli ef al. (Ref. 3) is in some sense com-
plementary to their own model. Our result [Eq.(12)],
therefore, admits of appropriate corrections due to
contributions from these mechanisms.
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A relation among structure functions for processes involving massive photons (deep-inelastic electron
scattering, e ¥ + e~ annihilation into hadrons and massive lepton pair production) is presented. This
relation is valid in a variety of models. A rough comparison with experimental data shows this relation
to be grossly violated. Some speculations on this violation are presented.

Reactions involving currents with large momen-
tum squared are believed to probe fundamental con-
stituents of hadronic physics. Among these we find
not only deep-inelastic electron scattering, but
likewise e* +e~ annihilation into hadrons and the
production of massive lepton pairs. This pointlike
constituent structure supposedly manifests itself
in scaling behavior of the rates for these process-
es.

Though the parton picture,' or to a lesser extent
the operator production expansion on the light
cone,? may be most directly tied to the concept of
fundamental point constituents, the hypothesized
scaling behavior is consistent with more prosaic
views of hadronic reactions: multiperipheral,
Regge-pole exchange, etc. In this note we obtain a
relation between the above-mentioned current pro-
cesses that, under specific assumptions, may be
common to all models.

At this juncture we must point out that the entire
scaling structure may be suspect in light of recent
experiments on e* + ¢~ annihilation,® which (at least
at present energies) do not indicate the desired
scaling. We shall have more to say on this later;
for the moment let us proceed on the assumption
that all reactions will scale.

Before stating the relation central to this article
we review and establish the necessary notation.

e* +e~ annihilation into hadrons is described in
terms of R(g?), the ratio of the cross section for
this process to the cross section for e*+e~

- u*+ ", In the scaling limit R(g?) is taken to be
independent of ¢%. Deep-inelastic electron scat-
tering is presented in terms of the usual structure

functions mW,(v, ¢?), vW,(v, ¢ %) which are to ap-
proach the scaling limits F,(x), F,(x) with x=¢?2/
2mv. The third process we study is inclusive
lepton pair production, specifically p+p—pu*+pu~
+9+++. Let ¢* be the four-momentum of the lepton
pair and p,, p, the momenta of the incident pro-
tons. This process is governed by the structure
function

w =‘(27T)6£7nd;:'2 ;(Pnpz lJu ln)< n IJ‘“ Ipu P2>

X6 py+py= b= Q) - (1)
Letting x;=q%/2p; *q, s=4p,p,, we obtain
do__ _41a® V(s;x), x3) )
dxdx, 3s  (xxF 7
with

. 4
Aot ) s [ o= 4%/20,°0)
X% 9

X 8(x = /2, QW . ®3)

In the scaling limit V(s; x,, x,) ceases to depend on
s.

The following relation between the above struc-
ture functions is proposed:

[ 2x,F\(x,) + Fp(x)) ][ 2%, F (%) + Fy(x,)] =R
8V (x,%,) o

lim
x1,%3=>0
(4)
We shall briefly indicate, in two classes of models,

the conditions necessary for the validity of this
relation:



