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THE FLUX-TUBE MODEL AND THE PION DECAY OF NONSTRANGE BARYDNS

F1. Stancu and P, Stassart,
Institut de Physique BS, Université de Liége, Sart Tilman,
B-4000 Ligge 1 (Belgium).

The strong coupling Hamiltonian lattice formulation of QCD has led to
flux-tube models [1,2] which can be used in the hadron spectroscopy. It
has been shown that these models appropriately describe the baryon [3,4,5]
and meson [3,6] spectra. The breaking of a flux tube can also provide sup-
port [6] for a strong decay mechanism via a quark-pair creation (GPC)
model [7,8]. An alternative theoretical foundation of the QPC model of
Ref. B has also been obtained [9] through a strong coupling and a hopping-
parameter expansion. That model refers to the creation of a quark-antiguark
pair ggq with the vacuum guantum numbers, i.e. in a BPD state. The pair,
together with the three quarks forming a resonance R rearranges into a
baryon in its ground state N and an emitted meson M.

In a previous work [10], based on the QPC model [8], we have calcu-
lated the experimentally known [11] pion decay widths of nonstrange reso-
nances. The present work is viewed as a check and an improvement over two
important approximations considered in Ref. 10, One is related to the pion
wavefunction and the other to the extension of the flux tube as explained
below.

The breaking mechanism of a2 single flux tube and its application to
meson decay has been studied at length in Ref, 6. As compared to the meson,
the baryon wavefunction is more complicated. It can be described by two
distinct flux tube configurations [1]. One contains three flux tubes emer-
ging from the three quarks and meeting st 120° at a common point T,

(Fig, 1a). The other appears for interior angles larger than 120°. An
example is shown in Fig. 1b. The corresponding flux tube collapses to the
common point. In the present work we gemeralize the single flux breaking
mechanism to three flux tubes. Taking an arbitrary point Tg where the pair
creation occurs, we define the total flux-tube-breaking amplitude
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Y(?1’?2’;3’?&’?5) as the sum of single elementary amplitudes Y; fin = s B)
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=: o4
Y(ri,rz,rs,ra,rs) = Ei Yy 4l

and assume for Y4 the simple farm proposed in Ref, 6

vo 42
-5 2
Yi=v,e T L

where vio = 1 GeV/fm is the string tension constant, Y, &n adjustable para-
meter and d the shortest distance from r5 to the Fluxﬁtube i, If the
perpendlculer from r5 to the tube falls outside the length of the tube

we define di as the distance to the nearest end, i.e, ;i or ?a which
means that we assume the cigar-shaped pair-creation region of Fig. 4b

of Ref. 6 although the point ;& is. not the location of a celor charge.

(a) (b)
Fig. 1

The common point ? is uniguely defined by r1,r2,r3 by the require-
ment of a minimum conflnlng energy. Also, instead of T, (i =1,2,3) we
use the Jacobi coordinates :

-+

P = FFINZ , 3= (?1+‘£2_2?3)/,/§ , B= (?1;;253)//3 (3)

and end up with Y as a function of B X and ;5 Then, generalizing the

idea of Ref. 6, we define the m- component I of the pion decay transi-
tion amplitude [8] for the process R - N + H

trized apalytic expression

uc(r) = us(D) exp [»(Y1r + erz)w “ Y5 r]'5(1 W) 4 (7)

where

-r /
1 + exp( ru,a)

g
u'(0) = -0.332  ; W= T+ opl(r ~ T 0787 - (8)

For the aboue parameters we found by a x Fik. = Yy = 0.115 Fmﬁ], Yy =

10.5 fn 2, v, 5 = 7.0 fa /2, £, =0.72 fm and a = 0.11 fm. Such an ex-
pression has been inspired by the variational forms of Refs. 1,3, The

radiel part of the pion wavefunction is therefore given by
= Fc(r) sn(r) i (9)

with fc definedlin Ref. 3. From the functicn (9) the pion acquires an
rms radius <r?»? = 0.16 fm, i.e. smaller than that of the uncorrelated
pion af Ref. 1.

To analyse the role of the pion size and of the extension of the
flux tube we display in Table 1 the square root of decay widths calcu-
lated in three different ways. Column 1 lists the resonances. The main
components are given in column 2. Column 3 reproduces the results called
QPC Set II of Ref. 10, obtsined from the OPC model of Ref. 8, i.e. with
Y = ct and using the barvon wavefunctions of Ref. 12 (Set II) and the
pion wavefunction ¢w = FC of Ref. 1. In column 4 we use the pion wave-
function (9) instead of f. and the results of column 5 are obtaired with
w of Eq. (9) and y of Egs. (1), (2), i.e. both u and Y are different
wlth respect to Ref. 10. Fach calculated Tz carries the sign of the cor-
responding transition amplitude defined according to the conventicns of
Ref. 13. The negative parity states have pure imaginary amplitudes. The
last two columns reproduce the square root of the experimental decay
width and the present experimental status [11] of the rescnances,

One can see that the better wavefunction (9) of the pion influences
considerably the values of those decay widths for which the approximation
wﬂ = fC gave striking disagreements with experiment. These are the
P 1(1&&0), 511(1650), 93}(1600) and P31(191D) resonances, for which now

we obtain values within or very near the experimental error. The change
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where the ¢'s are the flavor-spin wavefunctions as :
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Here the U's are the spatial parts of the resonance R, the nucleon N and
the pion M wavefunctions. fhe particular case Y = ct recovers the jP
model [8] with I expressed as an integral in the coordinate space [10].
In Ref. 6 it was shown that the 5PD model corresponds to the limiting
case of an infinite extension flux tube, hence Y = ct. With y defined

in Egs. (1) and (2), I is a 12-dimensional integral while y = ct redu-
ces it to 9 dimensions. Both are solved by a Monte-Carlo method.

The resonance wavefunctions have been taken from Ref. 12. They have
been obtained from the diagonalization of a hyperfine interaction (spin-
spin plus temsor)in a truncated space corresponding to the SU{&) super-
multiplets 56(0%,2%), 56'(0%), 70(0%,17,2%) and 2001*) i.e. containing
one or two units of angular momentum and one unit of radisl excitations.
The unperturbed radial states are the flux-tube model varistional solu-
tions of Ref. 1.

In Ref. 10, for simplicity reasons, we have used for the pion the
variational wavefunction of Ref. 1. This is the solution of a semirelati-
vistic hamiltonian containing a long ramge confinement and a short range
Coulomb potentials. It gives an rms radius <r2>% = 0.29 fm, In Ref. 10
the emission of such a finite size pion has been analysed and compared
to a point-like emitted pion. But the magnetic splitting is absent in
the above pion wavefunction. That is why in the present work we use a
better wavefunction [3] where the effect of the hyperfine interaction

is incorporated through a spin-spin short range correlation factor

EH(I‘) =1 -3 UO(I‘) (6)

. o ; .
with u” defined by the integral (3.6) of Ref. 3. To reduce the volume

of numerical computation we found it useful to express o as a parame-

= 307 -

for the 531(1620) and P33(1920) goes also in the right direction but there
is an unexplained worsening of the agreement for the P13(1720) resonance.

Altogether there is a noticeable reduction-of X? from 106 to 56 where

ST _ /=P
2=y | —— . (10)

i /1P

On the other hand, the results of column 5 indicate thst the size of
the flux tube has little influence on the value of the decay width and
therefore y = ¢t is a very good approximation. The only significant effect
of a finite extension tube is felt on the resonances P11€1QQD) and
933(1600) which are mainly radial excitations. The result for P33(192D)
should be regarded with care because of a very large statistical error
in the Monte Carlo method. Generally, for results smaller than unity,
there is a large (» 50 %) numerical error.

We would like to thamk L. Wilszts {or help in the numerical computa-
tion and S. Kumano and J. Kogut for kindly providing the variaticnal pa-

rameters of Ref., 3,
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