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ABSTRACGCT

Non-leptonic decay rates for 0
agre calculated in a model where strong in-
teractions introduce new AI = 4 operators
in the effective Hamiltonian. Both Q- =
- 58 ﬂﬁ and 0 -4°% K7 are predicted to
be nearly parity-conserving. ATl=% contri-
butions are found to dominate the sum of
the pionic rates, while AI=4 contribu-
tions are non—negligibl? in each of them.
Rough agreement in magnitude with experi-

mental data is obtained.,
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T+ - MOTIVATION

Gluon exchange modification of the non-leptonic Hamiltonian pro-
vides a gqualitative explanation of the AI=7% rule in strange particle decay
by dynamical enhancement vs. suppression of different terms 1)’2). The low-
est order exchange also gives rise to diagrams of the type of Fig. 1, thus

5 ’4). These

introducing new AT =+ operators in the effective Hamiltonian
operators arec subject to a matrix element enhancement since they annihilate
both left— and right-handed quarks, and their contributiocns to AI=+% pro-
cesses have been shown to be dominant although they have small coeffi-

3),5)

te give a unified descripticn of kaon and Q, hyperon decays both for the

clients Roughly within a factor 1.5 in amplitude they have been shown
AT=%+ and AI=2 parts, except for some P wave hyperon decays where the
data are still inconclusive 5)= This is an impressive result, considering
the approximations involved : the constituent quark model, and the exitrapo-
lation of 2 result given by asymptotic freedom up to the value gQ/MT=‘

for the gluon-guark coupling constant.

We consider here the predictions for 0~ decay. The calculated

6),7),

branching ratios are atill inccnelusive. Future experiments should, however,

lifetime agrees in magnitude with experimental data while data on the

make possible a Ltest of the model's applicability also 1o 19"25 hyperon

transitions.

2, - EMBEDDING OF THE NON-LEPTONIC HAMILTONIAN IN QO DECAY

The AS=1, AC=0 part of the effective non-~leptonic Hamiltonian,
except for a part which involves induced V+A currenis and which has been

shown by Shifman, Vainshtein and Zakharov (SVZ) to be unimportant in strange

5)

particle decay y 18

.6
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where ¢, are coefficients and Oi are the following operators, the

parentheses indicating their SU(B) and isospin preperties :

flavoux



- - - by — .
0, = 5w - duus 8,,01 -‘l)
og_ =' ;,_5,_ al.ul. + d'l.u'l-ﬁl.sl. + ad_'f.sl. LdL (8 AI‘i)
+ ad s gz.s;. ~d? *

0, * JLS._“;.“:. + JL“;.“LSL + ad‘_sl_cI,_olL

- e d
~ 3,558 (2%, a1-3)

d ¢ U m T 7 3
O, = dsuu, + duils - d s, dd (2%,aI°3)
O, = d, A%, (ﬁ‘a“utq-ana“dg-r 5,25, ) (&, aX=1)
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L= - ' =1 i-k o k = 84 = .18
f.i. i 8 d T T b
where i dLSLuLuL is shorthand for dLyMsLuLy ur and dLh sLuRl Uy

for aiywkasiﬁgyukaug ; the X matrices and upper latin indices reflect
. o _ . )

the SU(B)Colour group, and wL’R_2(1 Z}iy5)¢r are left- and right-handed

fermion components. _O5 and 06 are the operators originating from the

diagram of Fig. 1. Sets of coefficients have been computed 5) wilth

*
g%/@w: 1 at the # mass and the p mass, respectively +

L _s = o =.O C ‘.",
Gr T8, .06, =08, cyxM, (g (2.3)
cc==14, ¢, = - 05
c,=-25, c,*,09 C,=,.08 cy=.4
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Deep inelastic data seem,to be consistens with this mass being in
the range 600-1000 MeV ©),
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The set (2.3) is favoured by B decays. The best fits 5) to X', Af and

£t decays were, however, obtained for ¢,=0.25 and ¢+ 3/10 co=-0.24 ;
o s ’ 4 5 6

the magnitude of this discrepancy gives a measure of the validity of the

approximations invelved in the SVZ scheme.

We restrict ourselves to the three decay modes seen experimentally.
For Q" —-=%", application of the Hamiltonian (2.1) gives rise %o the quark
diagrams shown in Fig. 2. The diagrams for Q" -»="n° are similar. For
Q~—-4°%"  the diagrams are shown in Fig. 3. The firstg twé terms of the

operators O o and O are symmetriec in the interchange of colour

27 73 4

indices of ﬁL and EL or s and u ; with colour antisymmetric

L L
baryon wave functions ithey do not contribute to diagrams where two quarks

in a baryon are annihilated and/or created by the Hamiltonian. 1In this
type of diagrams O and O6 have no matrix element enhancement y making

5)

5
eventual O1 contributions dominant. Still, these 01 contributions seem
$0 be smaller than, though comparable in magnitude to, those gor 01, O5

and O6 in diagrams with only one baryon gquark taking part 2 a

Different pictures thus emerge for the dominani contributions
to pionic and kaonic Q7 decays. In the former the matrix elements can
be written as products of leptonic matrix elements, the A=+ rule being
a consequence of the smallness of coefficient 04 and matrix element en-
hancement of 05 and 06. The latter can be represented by a pole diagram
ag in Fig. 4, with the matrix element given by the baryon wave function at
zero interguark distance. This transitiorn will proceed in a P wave because
the non-leptonic veritex conserves spin and parity. Only the lowest spin +
2% state will contribute considerably, since radial excitations imply

I¢(O)] suppression, and the propagator favours the lowest-mass state,

o &

3, - THE O —E=n MODES

. . . - o0 -
The partial matrix element for one cperator im O —E  m can

be written

M. (Q2Z7) = 26 am 6, cos8, c; <E°“-lo‘ﬁ| o
U 3 (3.1)

where the matrix element of Oj can be expressed as
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where fn and qp are the constant of the m-pv decay and the pion

momentum, respectively. For Jj=1,...,4 the constant Fj takes care of
the interplay between the two contributing terms of each operator 3 it is,
by a Filerz transformation and the colour-singlet property, equal to -z, %,
5 eand % , respectively, For i=5, 6 Fj contains the matrix element

enhancement. ZRetween colour singlets one can make the substiftuiions

16
O » TG (3.3)

. L 3 4 - ' it k
e M -= A v
ap ¥ u, > 3 Ama(mosvms) éﬁd,_b’ w9, u, ¥ 5?3 §

| &

t ‘
d .5

A Fierz transformation and the Dirac equation is used for the last one,
which, however, is valid only for matrix elements where the vector terms
in each current do not contribute, as is the case for those which concern
us. Thus one finds the values -16/9 (mg/mums) and ~1/3 (mﬁ/mums) for

F5 and ng respectively., For the quark masses we take 2

m, ¥wmy 54MeV;, wm, & 150 MeV (5.5)

The effect of the coefficients of all 4I =% operators can now be taken

care of by replacing them by c?ff, using (2.3} or {2.4) for the coeffi-

cients,

c‘& v -6.5 (y maas )
VT {120 (T weaan)
{3.6)

which shows the dominance of O5 contributions.
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The AI=% oproperty of operators other than O4 fixes their

contributions to 0 =57 n° by using (3.1} and (%.2) with FJ—»—F 2.

For the aI::— contribution one finds instead F -*VE;E1 Thus

[M{a"> =2 ")\ - A{M(A = tr")l PN Yo ()
[M(am» =) |2 +:1[M(n->_n°)l’ € Y%

where the fit 04

effects are non~-negligible in the rates.

=0.25 1is used. Despite the smallness of

The baryonic matrix element of 2ﬁLYHSL in Eq. (3.2) remsins to

be found. We compute it between SU{6) wave functions,

T @+ t) amd @A, (5.9)

for ;2 and .19’ respectively. The decimet SU{3) and spin functions

are both symmetric in permutation of particles ; the mixed symmetric SU(B)
{(spin} functions w%(x1) and wg(XE) nge symmetric and antisymmetric in
permutations of particles 2 and 3 . The cclour dependence gives a
total factor 1. An immediate observation is that for non-relativistic
quark momentsa, this matrix element has only axial vector (P wave) con-
tributions j; the gquark currents are all of the form (in the rest system

of the initial quark)

i, (Y= %¥u;,

1
(mi‘m:)lf%::ix:x.. + (m;+m) L:_‘: m‘x“q

and taken between orthogonal spin functions the vector term disappears.

(%.9)

This is different from .ﬁ'*ﬁ, transitions where the parity-violating terms

are smallest because of the (miiFm factors, but non-vanishing. It is

£
in accord with the form of the matrix element for neutrino production of
the A resonance 11). By symmetry considerations and recalling that the
matrix element of ;(1)a can be expressed by Clebsch-Gordan and spherical

harmonics, cone realizes that
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where m and m! are the third components of spin for 0~  and EO, res-

pectively, and the sum convention for £ is understood. % is a renormal ~

ization factor which will be supposed to have the same value as makes

gA=1.25 in neutron B decay.

The rate for decay into £ and a pion is thus

[la>z2w) = e (3 (—{‘—we cos8, )

2Z m_ﬂém—l 1] )2
SV—T ”Mm(Ejg*""z)
(—cl¥ 4 2c, » (')
x' -
( f,"“‘+ He ) (Z7)
(z.11)
and
-1 - -8 2 2
r .CI.-’_-_'n') = 2.25x10 !‘»/(C‘."‘ss + SC,‘)
1.6x107" s (7 weass)
§.3x 10405 (g M)
(3.12)
for Z=¢. The fit ¢y=0.25 is used. Thus the &4I=7 contributions

dominate the total pionie rate.



4. - THE O~ -A° ¥~ NODE

The rate will be calculated using data for A~ strong decay and
a non-leptonic matrix element which gives a reasonable fit in an ji*ﬁi

process. Thus, from Fig. 4,

) 2
My~

2
Pacsnc) < e r(n--»z*’x-)( s ) x

: 2 2
« (ZCaint el el ) |<HlOIZWws | o)

The expression for the propagator is valid for a spin-conserving non-leptonic
vertex. Using PCAC for the unphysical decay Q- =" XK , 1its rate can be
related to that for AT-N n° 12). Computing the rates as in Ref. 12),
and adjusting also the (dipole) axial form factors for symmetry breaking
effects by letting them depend on the Q 6) mass and the AT magss, res-

pectively, one obtains with fo:1.21 fn’

M(eoa="k") ¢ 14 F(e."-»N"-lr')
(4.2)

and thus

mé 2.8 (1)

~10
-

* 10
[<R10,| 201 3.5 4>

a2 =
(4.3)

Values for both choices of the mass giving g2/¢7= 1 are again presented.

For non-relativistic quark momenta

Blo\8Yy = + B |(1-8a) v vt SF.-£)| 8
AR, zﬁ%<*|( AR AR RIE7 (4.2)

where TE and vﬁ are isospin and V spin operators on guarks J and k,

respectively., With (4.4) and (3.8) one finds easily

<MofH = [Z<plol = = V& <yilscs-lv'y

(4.5)
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where ws is the space-symmetric wave function. SVZ 5) have an estimate
for <« pl01|2+ ~ based on the insertion of one-particle intermediate states,
with egual vector and axial-vector form factors given by F(q2)= (1-—q2/32)_2

wiich gives a reascnable contribution to Eg decay for A=0.8 GeV,

DX 4.230

and, by (4.3) and (4.5),

2.8 x10° " ¢ (n)

-4y - e~y .

(4.7)

This inverse rate is strongly parameter-dependent ; it goes roughly as
~6

4 5). Another ambiguous factor is the symmetry breaking correction in

Eq. (4.2) ; however, the spproximations involived do certainly not allow

cne to make & fit tc find the "best" form factors.

The value for <« wslé(?z-;S)’ws > = [w(o)]z resulting from
(4.5) and {4.6) is 0.4 no» Using a harmonic oscillator wave function
one finds f¢(0)12==(ﬂ/12n)%£=1.8 m: with the value of Q reproducing

Regge slopes 12 ; this |¢(O)|2 value inserted in Bg. (4.3) would bring

6)’7). Schmid 13) reports finding good

us out of contact with experiment
. + ) 2 EJ_- 3 3
agreement with data on I S wave decays with |y(0)|“= ( 3/’n)mﬁ:=1.65 m”
and nc enhancement factor for 01, using PCAC., Le Yaouanc et al. 14) use
]w(o)]2= 4ebd mﬁ in pole diagram fits to Af P wave decay. As both
reactions in the present scheme have important contributions of the kind

5)

dominating -5 1 y Whese results are not easily comparable with ours.
One observes, however, that they are in strong disagreement with each
other, zs well as with models predicting a wave function suppression at

zero interguark distance.
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5. - CONFRONTATION WITH DATA AND CONCLUSION

6
The Q 1lifetime as given by the Tables ) and Ref., 7)

igs of the order of 1.3« 1.4><1O_1O s, +to which ocur result 1.0-2.7x

% 10719 s from Bgs. (3.12) and (4.7) should be compared. Bxperimental
branching ratios are still inconeclusive 7 . Our predicted rates would be
consistent with about equal branching ratios intc pions and kaons roughly
within a factor two ;3 that would be the same level of agreement with

data as was obtained by SVZ in octet non-leptonic decays. It remains %o
see if new data, corrected for detection efficiencies, show this trend,
which is suggested by the numbers of events in Ref. 7). SVZ's Tbest fit"
rralue 054-(3/16)06: -0.24 would then give too high a rate for {Q-—E w.
The fitted value ¢,=0.25 used in the estimate (3.7) of AI=3 effects

4
may be more reliable since the calculated value of ¢

4
against variation of parameters 5), and the fitted value has been success-

is quite stable

fully applied to both kson and hyperon decays. Equations (3.7) and (3.12)
should permit one to check both 04 and c?ff. With the approximations
involved and insufficient data at hand, cur results do not allow one to
make a case for one subtraction point vs. the other, cf. Egs. (2.3) and

(2.4).

The prediction that both the pionic and the kaonic decay modes
of 0~ are nearly parity-conserving, is, however, an unemblguous conse-
quence of the SVZ model, and a test of this should be used as a first check
of the model's validity. This also applies to the prediction of Al=%
dominance in the sum of the pionic rates, with the non-negligible AaIl=%

contributions to each channel cancelling each other,
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FIGURE CADPTIONS

Pigure 1 Diagram with lowest-order gluon exchange giving new terms in

non-leptonic effective Hamiltonian.

Figure 2 Diagrams contributing to 07 - =7 7w,

Figure 3 Diagrams contribubing to Q - A° xT,

Figure 4 Dominant contribution to Q7 - AY ¥ as a pole diagram.
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