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Naive quark-pair-creation model and baryon decays
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It is shown that the naive quark-pair-creation model, perhaps the simplest generalization
of the additive quark model treating all the hadrons as composite, correctly describes the
observed centrifugal-barrier effect in the baryon decays in which more than one partial
wave contributes. Good agreement is found with the partial-wave analysis of Brody et ul.
o«p m+4 in the 1690-MeV mass region. Comparison is made with the previous un-
successful SU(6)z, predictions and with the work of Petersen and Rosner.

I. INTRODUCTION

A serious drawback of the additive quark model
of strong vertices with the static interaction

G, [Z(f) X„][r(f) v]

is that the m is not treated as composite, as are
the other hadrons. It presents also some mell-
known quantitative problems [the same as SU(6)N,

(Ref. 1)], the most striking being related to the
processes where more than one partial wave con-
tributes. The theoretical interest of these pro-
cesses has been emphasized recently. '

In A; pm as in B ~m, the model predicts3 p and
{d polarizations in contradiction with experiment.
The S and 8 partial waves show the same k„' de-
pendence, although one expects the 1th partial
wave to behave like k ~ 3

The situation is similar for baryon decays N*- hw if S, = —,
' for the N*, only the helicity +& is

allomed. Then both partial maves are of the same
order of magnitude, having the same k, depen-
dence, in contradiction with the expected centrifu-
gal barrier a(l+3)/a(l) -0„'.

In a previous article, ' we presented a quark-
pair-creation model (QPCM), which was the sim-
plest generalization of the additive quark model
treating all hadrons as composite. This model
explains the observed p and co polarizations in A,
and B decays, without any free parameter.

The purpose of this work is to present predic-
tions of the model for baxyon decays.

In Sec. II we briefly recall the principles of the
model. In See. III our predictions are compared
with the experimental analysis by Brody et al.'
of the process m P-m'4 . In See. IV me compare
our model with the work of Petersen and Rosner P

II. THE NAIVE QUARK-PAIR-CREATION MODEL

An intuitive picture underlying the quark-pair-
creation model' is given by the diagram of Fig. l.

In the channelA-B+ C, a quark pair is created
out of the "hadronie vacuum. " The spectator
quarks are treated as in the additive quark model;
They are supposed to change neither their internal
quantum numbers nor their momentum and spin
states. The pair is therefore in a 'I'0 state {C
=+1), SU(3)-singlet state, and % +%; = 0.

Then defining the A matrix operator

we write

where i,j are SU(6) indices, a and bt are cre-
ation operators of quarks and antiquarks; 4, is for
SU{3) singlet, g, for triplet state of spin; g, re-
flects the 1.=1 angular momentum of the pair; y
is a dimensionless constant. Vfe take matrix ele-
ments of A between the SU(6) harmonic-oscillator
quark mave functions of A, B, and C.

In order to show the various hypotheses involved,
let us introduce the kernel N by

(aclal~)= p f us%, i„nygyg
SU(3) sPin

N is a function of the eight momenta of the quarks
composing the hadrons A, B, and C and of their
SU(3) and spin quantum numbers. This kernel
must be invariant under unitary spin rotations,
spatial rotations, and parity transformati, on.

Taking into account the additivity hypothesis, me
first express the conservation of the SU(3) quan-
tum numbers of the spectator quarks:

N = 5„~ 5„~ 6 ~N' (a, a,).
N'( „a)haas to be an SU(3) singlet in order to



1416 A. Le YAOUANC, L. OLIVER, O. PENE, AND J.-C. RAYNAL

ensure the unitary spin invariance of the kernel.
At this stage, one gets the Zweig results. ' Our
kernel N contains the momentum-conservation 5

function. Applying the additivity hypothesis to the
spins and momenta of spectator quarks, we get

N'=5. .. 5,~ 5„, 55(k, -k, )55(k -k, )

x 55(k5-kB)N" (sB,s7;%5,R,)

and the conservation 5 function reduces to 5$ +k,},
hence

N" = 55(kB+%,}NI"(sB,s7; fc -k7).

Invariance under rotation and parity implies that
N'" describes a 'P, state, leaving dependence on
(k -R,)' unspecified. Note that this is not strictly
the "'Po" model, ' ' which is based on the enumer-
ation of the relativistic couplings, without intro-
ducing internal quark momenta.

Last, we make the hypothesis of a minimum
dependence of the kernel on (k, -k, }', the main
dependence being that of the wave functions. Then
one gets the model formulated above.

Note that although the diagram of Fig. 1 is com-
mon to a number of models, "the explicit form of
the coupling (1b) where the quark spin of the pair
is coupled to its own relative (internal} momentum,
as well as the use of the harmonic-oscillator wave
functions is specific to our formulation of the
quark-pair-creation model. '

In the limit of the elementary w emission, the
amplitude turns out' to be of the form

[o(i) ~ (k, -k(i))][F(i) v], (2)

III. PREDICTIONS AND COMPARISON
WITH EXPERIMENT

Now let us consider the QPCM predictions for
the Nn or 4m decays of the resonances:

FIB(1690)(56, S = 2, L=2),

D„(1690)(70,S, =B, L=1),

D,B(1520)(70, S, = 5, L= 1).

k(i} being the internal quark momentum of the
emitting quark. We thus obtain a mell-defined
amount of the recoil term introduced from Galilean
invariance arguments by Mitra and Ross."

FIG. 1. Intuitive picture of quark-pair-creation pro-
cess in baryon decays.

L+1„-=1,

where L, 1„-=1,1 are, respectively, the orbital
angular momentum of the quarks in the initial
resonance, of the quark pair, and of the decay
system nN or w4.

Then, for D»-4m, the G wave vanishes. Note
that this is also predicted by SV(6)v, the w being
emitted by a quark in a P wave.

The prediction for E»- 4m is model-dependent.
Our model predicts

r
E 2p2$

," 2- =-0.204, (3a)

the same process. Also, in order to avoid dis-
cussing variation of y with the energies involved
in the vertex, we calculate ratios of amplitudes of
decays involving particles of the same mass [e.g. ,
a(D» - tIm)/a(F»- hm) and a(D»-N )v/a(F„-Nv)].

The only parameters in these ratios are the
baryon and meson ground-state radii which we
fixed as R~'=-6 GeV ' and 8„'=8 GeV ' from Regge
slopes. " So, once our ansatz (1b) is accepted,
our predictions do not involve free parameters. IB

For E»- ~ n and D» - 4m, we have, respectively,
the allowed partial waves P, E and D, G. The fit
by Brody et al. shows that experimental results
are compatible with negligible E and G waves.
Moreover, they can fit the experimental results
with two alternative solutions:

Solution A: FP &0 and " =0.31,1(F„-tv) "'
15

Solution B: FP &0 and " =0.72.r(F„- t v)

15

In the QPCM we have for the decay N*-N(b. )v

We have experimental information in the 1690-
MeV region, where Brody et al. have analyzed the
reaction m P-n'b . The main contributions come
from the E» and D» nN waves.

In order to test the model independently of the
constant y, we calculate (as we did for Ai and R
decays) the ratios of partial-wave amplitudes for

where

1 (4Re + RII')(2Re + R„)
6 (3R '+R„')

This is compatible with the observed negligible
F wave. Note that SV(6)v gives F/P =+1 in con-
tradiction with the damping of the E wave.
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For D»- 4m we have

2P

kyar

O j y4 (sb)

compared with the SU(6)v result D/S =+1.
More generally, cohen tzvo partial zvaves con-

tribute to baryon decays, our model predicts a
centrifugal barrier in most cases, in agreement
with experiment. "

Moreover for the reaction

our model gives PI' & O. So we agree with solution
B. Now let us compare partial decay widths. We
predict

(5)

Table I shows that our model agrees quantitatively
with solution B.'4'"

and they fit 5, &, and P, E i««b d«oy for the
resonances belonging to (70, 1 ) and {56,2'), re-
spectively. They conclude that the a(l ) do not
change very much from one process to another and
that, in mean value, the a{I)verify the modified
SU(6))(, relations 8=D, P =& up to a sign. Note that
there still remain taboo parameters.

On the contrary, in our QPC model, all the had-
ron decay amplitudes are related; there is only
one free parameter, the pair creation strength y.
Instead of the two relations S =D, P =& between
waves of the same parity, we expect relations
between all the decay &eaves, namely,

D 3P S
2.22 2(5-6k„') 4.44(1-2k„') '

%'e observe that the mean values of & and D in the
table of Petersen and Rosner satisfy (D/E) =2.4
compared with our prediction (&/E) =2.22. En-
couraged by this success, we use the table of
Petersen and Hosner to test the whole set of rela-
tions (6). With a reasonabl'e y', the result is
compatible with a constant value of a throughout
Table G.

V. CONCLUSION

IV. COMPARISON VfITH A RELATED ANALYSIS
OF PETERSEN AND ROSNER

Petersen and Rosner have analyzed baryon de-
cays using the general ideas of SU(6)v violation in
the quark-pair-creation model. However, using
no precise form for the spatial part of the wave
functions, nor for the momentum dependence of the
quark-pair-creation matrix element, they cannot
make precise quantitative predictions.

As we have seen, SU(6)v relates different partial
t

waves: S=D, P=+. As a consequence, it predicts
no centrifugal-barrier effect. Petersen and Rosner
introduce an SU(6))) violation "by hand" through a
centrifugal-barrier factor

The naive quark-pair-creation model, based on
the structure of the vertices suggested by Fig. 1,
with the specific interaction (1) and with SU(6)
harmonic-oscillator wave functions, describes
successfully the polarizations in A, and B decays,
the observed centrifugal-barrier effect in baryon
decays, and the ratio of (70, 1 ) to (56, 2') decay
amplitudes. This is a strong indication that it
describes correctly spin and orbital dependence
of decay amplitudes.

It is remarkable that such a simple and intuitive
representation explains the features of the decay
processes; it allows one to go beyond pure SU(6)I
symmetry, in a very logical manner, by intro-
ducing the effect of the internal quark motion.

TABLE I. Comparison of predictions of the QPCM with the partial-wave analysis. The ex-
perimental results are taken from Brody et al .6 for the b, n. partial width and fxom Particle
Data Group, Phys. Lett. 398, 1 (1972).

[I{Ff5 &g)/z'(g, 5 ~g}]~/

Sign of
[I'(F f5 67')/1 (D)5 E7))]' FP of F (5

QPCM

Experiment 1.10+0 3465 B: 0 72-o.'33e

A: 0.37",,",
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