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ABSTRACT

SU(3)-rules analogous to the Okubo-Zweig-lizuka rule for strong
decays are given for semileptonic and nonleptonic decays of strange and
charmed mesons. In particular, relations among two- and three-body weak decays
are derived. In the case of nonleptonic decays the relations depend on the
colour structure of currents.

AHHOTALNA

PaccmaTpuBaioTcsa SU(3)-npaBuna gns NoAynenTOHHbIX U HeNIeNTOHHbLIX pac-
NMafioB CTpaHHbLIX U O4YapoBaHHLIX ME30HOB aHas/lornuHbie npaBunu OKy6o0-LiBelir-3yka
ONsl CU/bHLIX pacnafoB. B 4aCTHOCTU, BbLIBOASTCS COOTHOWEHUS Mexay ABYX- U Tpex-
yacTUUYHLIMA cflabbiMM pacrnagamn. B cryyae HesenTOHHbLIX pacnafoB 3TU COOTHOWEHUS
3aBUCAT OT LBETOBOW CTPYKTYpb TOKOB.

KIVONAT

Az er6s bomlasokra vonatkoz6é Okubo-Zweig-lizuka szaballyal analdg
SU(3)-szabalyokat vezetink le a ritka és a bajos mezonok szemileptonos és
nemleptonos bomlasaira. A két- és harom-test gyenge bomlasok kozott Ossze-
flggéseket szarmaztatunk. A nemleptonos bomlasok esetében az 6sszefiiggések
érzékenyek az aramok szin-szerkezetére.



The SU (B) -propert les of semi leptonic and
nonleptonic decays of mesons.
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Abstract: SU (1)-rules analogous to the Okubo-Zweilg-
-lizuka rule for strong decays are given for semi-

leptonic and nonleptonic decays of strange and charmed

mesons. In particular, relations among two- and three-

-body weak decays are derived. In the case of nonleptonic

decays the relations depend on the colour structure
of currents.






1. Introdurtion

After the recent discovery of charmed D- and F-mesons

[1,Z] an increasing amount of informations is accumulated
also on the weak decays of these particles [3-3] . The facts
known at present are generally consistent with the Glashow,
Iliopoulos, Maiani (GIm) scheme [|b] for the weak currents.
From the point of view of unified gauge theories it is of
great interest, however, to verify the charm interpretation
in detail.

Due to their large mass the D- and F-mesons have a rather
large number of decay channels. The branching ratios into
the different channels can give valuable informations on the
decay mechanism. SU@)-relations following from the SU(3)
transformation properties of the currents were derived
previously by Kingsley, Treiman, Wilczek and Zee [Y] = More
restrictive relations for nonleptonic decays follow from
20-plet dominance /analogous to octet dominance in K-meson
decays/ Jj-Hj - In the present paper |1 shall investigate

the consequences of SU (3) symmetry for the weak decays of

D- and F-mesons assuming a generalization of Okubo-Zweig-
-lizuka (@) rule [2J which can be naturally incorporated

in a large class of quark models. For definiteness, 1 shall
consider the quark model with phenomenological quark con-
finement described in detail previously £I3,1] . The obtained
relations are, however, more generally valid than the model
itself. /Examples of similar quark models are given e.g.

in Refs. PB5-19! ./

In Section 1l. the SU(3)-structure of weak amplitudes is
given in general. The Fiertz-transformation properties of
the current x current effective Hamiltonian for nonleptonic
decays are taken into account emphasizing the role of colour
degrees of freedom. Specific relations for the two- and
three-body decays are considered in Section I11l1. and IV._,
respectively. /For details see also the Appendix./ The
relations are fTirst tested iIn both cases for the well known

K-meson decays. In Section V. the conclusions are briefly
summarized.



11. SU)-structure of the weak decay amplitudes of mesons.

The charged hadronic weak current

in the GIM scheme jjbl
can he written as

n/
where Xn=5* denotes Dirac-matrices, C~up Gk
is the quark field operator /colour indices are suppressed
for the moment/, and the kxk matrix is given by

0 &S0 o~
O o o) o
O o o 0
°}
/2/
/0 i1s the Cahibbo angle./ The effective current X current
weak

interaction Hamiltonian density Iis

M, U) =
L N

/3/



where G is the Fermi coupling constant and denotes
the charged leptonic weak current containing ejy- and TT-
like leptons:

nrs

The effective interaction is the low energy limit of some
gauge theory coupling mediated by the charged intermediate
boson W .

In the present paper we shall consider only the leading
charm-changing terms in P~_(3), progortional to cos ©
in the semileptonic case and to cos O in the non-
leptonic case.

Semileptonic decays.

The semileptonic interaction comes from the coupling of the
hadronic and leptonic currents. Graphically the leading
charm-changing piece /proportional to cos0 / is represented
by Figure 1. In the quark model of Refs. [)3,1”~ the simplest
quark graph /the so called "direct term'”/ contributing to

the semileptonic decays 1is depicted iIn Figure 2. /for instance,
in the case of D°-meson decay/ [20j . The Feynman-rules for
the calculation of quark graphs |JI13,1™ are briefly sum-
marized in Table 1. In what follows 1 shall only consider

the /flavour/ SU (B) structure coming from the usual meson
-matrix part of the wave function
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/5/

Here, fTor definiteness, the pseudoscalar mesons are taken,
hence 1Cc*7 " 7 =/ C and the mixing an8ie (PP
belongs to the pseudoscalar nonet. /The mixing of the charmed
quark stateV~is neglected liere./ The momentum dependent part

X(fi of the wave function |I3,1"3 will not be
specified here, /it will be assumed, however, that the SU(3j
breaking effects coming from the quark mass matrix M are to
a good approximation compensated by the SU@)-breaking in
the meson wave functions like it liass been shown for strong
meson decays in Ref. W -/

From Table 1. i1t follows that the SU(3)-structure of the
amplitude corresponding to the graphs like in Figure 2.
is [20] :

2; Ti-j 10 (M. M

/6/



Here - 0 - (_ means a summation over the permutations

(T, VU, , T} of the numbers £1,2,...,m"

/ b 1s the number of hadrons in the final state/. The
trace over internal symmetry indices in Eq. (6)
reduced to /flavour/ SU Q)
Egs. (2,5)

is already
by the relations fTollowing from

1 nA>0 N (7-') 1|vaa 4 EVI VIG‘ZH—)J

H @o)A(p5- wmw (p~/
M(DH)M(F5 =
MW(FHH(F/ .

/8/

Erom these relations it follows that the matrix M (i)

specifying the "initial"™ SU @) quantum numbers of the
n-hadron state is given by Eq.”5) if

79/



The factors CMNTr6)] in ihe amplitude (6) depend
on the momenta and spin indices /only the dependence on the
permutation "KO0) is explicitly indicated/. SU(3) symmetry
means that does not depend on internal symmetry indices.
The matrices M in Eq-(6) stand for the J **1 out-
going pseudoscalar meson with SU (3) quantum number *: . In
the case of resonances iIn the final state + 1i1s, of course,
replaced by N D R /for vector mesons/,
CT= Aa )f\z y.. /for tensor mesons / etc.

As far as the SU"3) coupling scheme m is concerned Eq.(6)

is obviously the generalization of the 0Zl-rule to semileptonic
decays. Graphically it means that i1t is always possible "to
draw a continuous quark line"™ among the mesons /and the
diagram obtained is always connected/. In the quark model

the graph in Figure 2. is, however, only the simplest /"direct'/
one, therefore in principle the other graphs may spoil the
behaviour given by Eq.(®) . The essential point is that a

large class of graphs have the same SU B)-structure as the
“"direct” one and, according to the success of the 0ZIl-rule

for hadronic couplings, these graphs dominate. Among the more
complicated graphs belonging to this class there are the
"indirect terms"™ when one /or more/ ofthe pairs of internal
quark lines makes up a /resonating/ internal hadron line.

/The pole terms coming from such indirect graphs seem, in
fact, to dominate iIn the form factors for ~£0, or

decays/. Examples of such indirect terms are depicted in
Figure 3. Other kinds of terms having the same SU (3) structure
like Egq.-~6] are the ones with internal gluon lines, because
the /coloured/ gluons are flavour singlets. In what follows

we take Eq. () with some unspecified momentum and spin
dependent part to be the SUQ@)-property of semileptonic
decays.



Nonleptonic decays.

The nonleptonic decays are given by the product of two
hadronic currents in the effective Hamiltonian in Eq.Q) -
For later purposes it is convenient to introduce a graphical
notation also for the Fiertz-transformed four-quark couplings.
In the case of the leading ft€ cévle) charm changing
nonleptonic interaction the notation is explained by Fig.k.

For the nonleptonic decays the set of /direct/ quark graphs

can he devided into two essentially different classes | 2] -
The"excliange-type'” graph is illustrated in the case of D°

decay iIn Figure 5. The special case is possible only
for D° decay. It can be called "exchange annihilation”™ as the
quarks (@.) in D° are annihilating by the exchange of a W+
boson. The "emission-type™ graph is shown in the case of F+
decay in Figure 6. The case 0 /"emission annihilation"/
is possible only for F+ when the quarks in F+ annihilate
each other by the emission of a W+.

From the Feynman-rules in Table 1 it follows that the SU(3)-
-structure of the amplitude corresponding to the sum of
emission and exchange graphs is "20j :

c 3 ! C

- [ Wi
The SU(3)- matrix M (i) is the same here as in Eq-(6) and it

is given by Eqs-.{9,5) - The amplitudes meAg /for the



emission graph/ and b /for the exchange graph/
depend on the momenta and spins.

The generalization of the OZl-rule for nonleptonic decays

is given by Eq. (id) . The "indirect” terms and gluon exchange
terms have the same SU @) -structure as Eq. (1) , only the
momentum and spin dependent parts are different.

Fiertz transformation.

It can be seen from Figures **~6. that the exchange and
emission graphs fTor nonleptonic decays are connected by a
Fiertz-transformation. After Fiertz-transformation the graph
in Figure 5, for iInstance, goes over into Figure 7.

Let us Tirst forget about the colour of quarks. In this case
the Fiertz-transformation of the leading charm-changing
piece of the current x current Hamiltonian in Eq. @) Iis:

/u7/

It can be seen from here that the structure of the Fiertz-
-transformed exchange graph is exactly the same as the

emission graph the only difference being in the SU(3)

quantum numbers of quarks participating in the weak interaction.
That is, In the SU 3 -symmetric limit the momentum and spin
dependent part of the exchange graph is the same as that of

the emission graph:

* Ir [MA MR M (x4j=

=M EME M ATEM MU

/12/



Here the SU (3 transformation corresponding to Eq.(Il)
was performed on the right hand side, hence instead of
Eq. @) we have

/13/

From the explicit form of the SU *-matrices in Eq.(5jand
Egs 4 (O™13) it follows

X [M@H jvIM R j-1 . (m

X FR ™IuUN "1« Y] =XL{M(O9n ,,7" nnr i ~«

The index 1 1is equal to u for D°, d for D+ and for
F+ decay. Comparing the second relation in Eq-~V) with
Eq-(12J we obtain:

/15/

If the quarks would obey nose-statistics instead of Fermi—
-statistics Jj5,21-25" tliere would be an additional negative
sign in Eq. jllj ,therefore instead of Eq.(15) it would give

a
716/

Up to now the quarks were assuemd to be colourless . /for
a recent review on cobur see Ref. J/&J « In QCD with coloured



quarks the Fiertz-transformation in Eq.~l) is replaced by

The colour indices are denoted here by greek letters and A |
stands for the Gell-Mann SU (3) - matrices. EQ. ~.7) shows

that the colour "spoils" the simple relations following from
the similarity of the Fiertz-transformed interaction to the
original one. It seems hard to imagine that a relation like
Eq. (5) can be derived in generality unless some specific
dynamical assumptions are made.

An example of dynamical assumptions in the connection with

colour iIs made in the geometrodynamics approach of Preparata

[«] , namely that colour contributions are unimportant /or simply
not there/. In this case the second term of the Fiertz -
transformed expression /containing / cannot contribute

as the colour trace over the quark loops gives zero. Therefore,

the form in Eq. (D) is essentially restored, only with an
extra factor ~ . This leads to

~

/18/

In the following Sections we shall investigate also the
experimental consequences of Eqgs. (15,16,18).



111. Two-body decays.

Symmetry breaking kinematics.

The SU J 1i1s in general a good symmetry for the amplitudes

/e.g. Tor the coupling constants in the case of strong
decays of resonances/ but substantial symmetry breaking
effects come from the kinematics of the decay due to the
large mass splittings among pseudoscalar mesons. The usual
procedure for the verification of SU 3@ - relations is
therefore to take the symmetry breaking phase space /and
centrifugal barrier/ effects into account by the physical
values of masses.

In the case of two-body decays of a pseudoscalar meson into

two pseudoscalar mesons ) the decay width 1is given
by the dimensionless coupling constant QTP like
/19/
where w is the value of the c.m. momentum. If is the
mass of the decaying particle and - .are the

masses of the decay products, respectively, then

/20/

For the decay of a pseudoscalar into a vector and a
the corresponding expression is:
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v - Rvo i

/21/

There is, of coarse, some ambiguity here in choosing
in the denominator instead of some other mass. This choice
corresponds to the simplest form of the transition amplitude

Finally, for the decay into two vectors {Y-?\Y\fj we have

dAT
wl——2 t

722/

/Similar formulae can he written down also for other kinds
of decays containing, for instance, tensor mesons etc./
In what follows 1 shall assume the SU(3) relations for the

dimensionless coupling constants like AT ) VTP anc* )

For two-body /nonleptonic/ decay amplitudes into two pseudoscalars
) Vand kclL in Eqg.(lo) can not depend on the permu-

tation TCX%») as the only variables are the masses which

are degenerate tG. M- in the symmetric case /assumed

for the_amplitudes/. Below, the notations Q) ]

and Ni>p  will be used for and ,

respectively. For quasi two-body decays into two__vector mesons

the same quantities are Ct”™)Kv >an and NI * 3
case of quasi two-body decays into a pseudoscalar and a

vector meson the amplitudes belonging to the two permutations

may be different /as - even in the symmetric case/,
therefore the corresponding notations will be CL CcL fi-
n — %"~ ?v 1 vp/

IL CL a, L and v

\?) ?V) i- 1 /p
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K-1 2TE decays -

First it is natural to test the symmetry relations for
K-meson decays, when the SU (3)- symmetry is, in fact,

reduced to SU(2) Zisospin/. The derivation of SU(2)-

rules for the strangeness changing decays 1is completely
analogous to the charm changing case, therefore, it is

not necessary to repeat again the arguments of the previous
Section. The SU(2) quark rule is given by Eq. 6 and Eqg.(10)
for the semileptonic and nonleptonic decays, respectively.
Instead of Eq-(9) the initial quantum numbers of the hadronic
states are given by

)
/23/
The relations are replaced by
an.
/24/
where t—-tb for K+ decay and i~<X for K° decay.
The K—2°Jt amplitudes fTollowing from are

best displayed by the generating functions

0 Cifg) - X X 4% 45,2 + A 0 fv °Tp)
/257



The calculation of the decay widths from here goes via
the substitution

A / \ - ' 9i k w v *

@t-+n 4.11,)1 726/

where oNis—mJc y means the two-body phase-
space (vr/S-K in Eq-(19)” belonging to a number
of TC mesons in the final state (ot™ 4)-,0) .

There are altogether 3 K-m2ot decays, hence for the 2 ratios
we have 3 complex parameters /say: a.rr/&?? ,&pp/vipp ,t?p/a 7
therefore in QCD there are no symmetry relations among these
decays. In the case of colourless quarks Eq-~15) or Eq; (\b)
holds for fémion and boson quarks, respectively. In the first
case the only /complex/ parameter for the ratios of decay
widths is CI?p /51t

r( 7cv0) 9 ATEA

AQ.00u *0.00003] "

M(Ks \ 9("51°5°)
[ ( 9f i

{0.45G+0.00£j _

/27/

The measured values are given in the curly brackets. They are
reproduced by Is>p /clUpp 1C* 0.0 » , therefore the
annihilation diagram is dominating.

The second case /Bose-quarks/ was proposed to explain the
NT= 72 rule ™5,21-26~ resulting in the relations



P(KA>7UV0Q=-0 ,

9(K"s ~71°7X°) = 0 505"

VS nAD  <SIs-ijf) A 1287

/As 1t can be seen from Eq. @Q7) these relations hold also
for Clpp=0 in the previous case. The smallness of
IClpp/ dip | shows how good is =Jp «/

The data can also be fitted by the geometrodynamics value

of b in Eq. @i)) where lapp/°pp 1l turns out to be
0.025.

Two-body decays of charmed mesons.

The generating function analogous to Eq. 25" for two-body
nonleptonic decays of the D- and F-mesons can be obtained
from Eg. (id) using the expressions in Eq. (14 . The result 1is:

C(D)= K tcT’ hr>+ /p)4 y'\ fiifyf Kk ) *
+HIATTS ’

C@B)7=E°Tr+ (Oppl &p1) , /29/

6 (FH=""°K+ ("p+3TH)+ a pp)+ aTp+”™ Tp) .-

For the pseudoscalar nonet the octet-singlet mixing was neglected
here, that is A was taken /the same will be used
also iIn the rest of this paper/. The amplitudes <Xppj--Q
entering in these expressions are related to the ones in

Eq. (25) by SU -symmetry /SU G1) may, however, be badly

broken/. To obtain the decay widths from here the same

recipe has tio beO applied as iIn Eq.(2) /extended, of course,

from IT ,7JU)TC to the whole set of pseudoscalar mesons/.



The ratios of the decay widths for the 8 different two-body
channels iIn Eq.(9) are given by 3 complex parameters /say:

1 "?p ] therefore there must be
some relations. The fTollowing ones are independent from the
values of the parameters:

r(F~1fVvV)=0 ,

“q(

if the b-amplitudes are related to the a-amplitudes by some
of the Eqs. @5), @6 or @8 , then there are, of course,
much more relations. The parameter free ones are collected
in the Appendix in the first and last cases. /The rather
unconventional case of Bose-quarks in Eq. (1) is left to
the interested reader as a simple exercise./

Quasi two-body decays of charmed mesons.

Similar relations can also be derived for quasi two-body
nonleptonic decays producing /Zin general/ two resonances in
the final state. In the present paper only vector mesons will
be considered but the generalization to other kinds of
resonances 1is straightforward . The generating functions in
this case are /with =1jthat is ideal mixing for the

vector-meson mixing angle/:
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g (kp)= kV ty*v 1 vV * V) +
1 TCc: (V ~ Ap) w'F<«a. (K¥yiNf [V Ipzty
+K dt\pEK [~V VT'Vp) +

+**\°Kk (V M)Areco rfiwC)+ **4 1, i

C(B® K"v (sv Hr)* [V+U +*V factl)

cu-TK**- t v)+dvoa,( v)p
t~9° 9, (Bvp_apiNp x+<b™ TV +eap/ +9+ c IV *apV-a/ =

+ M+ 0 + 94|75 @fv+-avp-1Q."N + KAK™* + f4h,+ aw) i

tp*{r 5W + ?+0 avn e

/31/

For the ratios of the 8 vector-vector decays there are again
3 complex parameters, wheareas for the ratio of 18
pseudoscalar-vector decays there are 8 complex parameters.
In the case of independent b- and a-type amplitudes the
following parameter-free relations hold:

TCFV (?2V)=°
rcryyy) o[ 7
HFtvyV gnromA 132/

The parameter free relations in the case of Eq.(15™ or Eq.(18j
are also listed in the Appendix.
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1V. Three-body decays.

For three-body decays it would be in principle possible to
compare the probability distributions in the Dalitz-plot,

but the direct comparison of decay widths is not possible due
to the differences in the Dalitz-plot shapes resulting from

the SU (3)-breaking mass differences. A possibility for the
estimate of decay width ratios is to approximate the amplitudes
by constant /average/ values. In this case only the ratios of
the Dalitz-plot areas matter. This approximation will be used
in the present Section.

K-»3X decays.

In the case of K-r JJZ decay SU(3) is reduced to SU(2)/isospin /.
The relations following from Eqs. (10, 2 3 , are given by the
generating functions like for K-r25T decays in Eq-”"25):

/33/

To obtain the decay widths from here /for constant amplitudes/
the substitution in Eq. €6) has to be performed. is now
the relativistic phase-space integral /equal to the area

of the Dalitz-plot/:

/3V



/p is the four-momentum of the decaying particle./

There are 2 relations following from Egs. 733,2bj , namely

o (V) \

9(KMAVY) 4

--0.305  Fo.30dt0.ort’

_ VLTI & 188 [it*+ Ooy
rCLATIVE) g o
/35/

These are expressing the absence of 1=3 components in the
final state. The measured ratios /in curly brackets/ are in
excellent agreement with the theoretical values.

Similarly to the K=>2"Jt case, the approximately valid

F(K-TEVO _9C*A*V*j3=<c2. {Wto.oK
O <=t
/367

follows for Bose-quarks from Eq. MM§j or, in the case of
colourless fermion quarks, if only the annihilation amplitude
N3 iIs Present.

Three-body decays of the charmed mesons.

The generating functions for three-body nonleptonic decays
of the D-and F-mesons can be obtained from Egs. ~O,1M) -



t KAre*7t°N fa2,<-t@j-T<VV_(43+4 (+QR)+~ ~ P"45¢

#ak VA (M-4urat) =

P Q<*+V +Mqg*«+3 «Jt

a4 T<f14,-U +122"M 4 PV A 3i) )=/ r i)

Cbd)="~V (a~yt RVrfar~"-KVAK+C)~

ti?"™MM70® (N<-24 ,-«* 1 -Y "g< W <>+ 0 ) ;

Ne *) = dtV tt QOB f A~ v 2  +TcW (4*3 +a*i b t?) t-

FTtVer?°Mo3f4rQ20+ 1 A WA -r M- di)+
B 776 (3°N ~V) N H2T-iF°F?M-v) -
- kAT A (A*.*—’\+-4-,)+/\y-|-§ K-AjAYy 3

/37/

The amplitudes 003} a5 )4F appearing here are related

to the ones for K-meson decay in Eq. (v by SU - It is
important to note that the channels are understood here as
the "'direct” three-hody ones,

without the resonances /quasi
two-body channels/.
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In the genaral case ~b”"=a”™ the following parameter-free
relations follow from Eqs. 37,26 :

rv->i7WwW) _ qtv -Wy) I = 0M9

[(Chk"N*) A ’ :

riF4- Ttv-7t7 = p(FU-:11V<) j_ = o,X5I. ,
T(FAT*tV] 4
T@% \<1c+-n°) _ 9 (Y->F tctFJ 1 = opg"o9

r fot"Kvv) 4 ;

[ (FIr K+i?2Vve) _ 3,MJc
rchb" rW?) ffovFV?o* ° N8/

Calculating the Dalitz-plot area the masses =1863 MeV,
"»*"V = 1868 MeV, =2030 MeV j)55] were used.

These relations are expected to hold somewhat less rigurously

than the corresponding ones for K—r 3jr decays (35) - The

reasons are that SU 3) can be broken more seAously than SU(2)

/the mass differences are more important/) therefore the

approximation of the amplitudes by constants /in the larger

Dalitz-plot area/ is less good and finally the subtraction

of the resonance /quasi two-bodv/ contributions is by no

means unambiguous.

The parameter-free relations following from Egs.(15) or (18)
expressing the b-type amplitudes by the a-type ones are
also given iIn the Appendix.



Semi lop tonic decays.

The SU @) -properties of the semileptonic decays are given
by Eq. ® - In the case of a single hadron /in general a
resonance/ we have a three-body decay and the approximation
of constant amplitudes /here constant N and
form-factors/ may be taken in order to get an estimate for
the branching ratios.

In the generating functions only 1 or 2 pseudoscalar mesons
will be written out. The resonance nonets can, of course, also
be included without further ado. The results are:

/39/
For ki* decay /taking the average of electronic and
muonic widths/ if follows:
rfi<l237fa)) e 1p FX g n . £19§?t0.04j
F( k * 9(kilfetyA
/40/

in excellent agreement with the experimental number /in curly
brackets/. The corresponding relations for the charmed mesons are



rftl K*N£) P (XI-yK £

X dU kT")

c ”,999
)

rtetiUFtE”r) brivUvAj)

P(F2%49 =V f4 A ) =qlio
r(bh124+g)  32(t>"i?7ed) v/

Note that the hadronic final state in [+ semileptonic decay
is obtained from D° semileptonic decajf by an i1sospin
transformation, therefore the full semileptonic widths of
D+ and D° are equal /by SU @) -symmetry/.

From Eq. @) 1t is straightforward to obtain the relations
for resonance and for two pseudoscalar meson production, too.

V. Conclusions.

in the present paper the derivation of the SU Q) -relations
for mesonic weak decays is based on the following assumptions:

iz the validity of the GIM - current for weak interactions
[6J Zonly the dominant parts, i.e. the cosG term
for semileptonic and the cos“O0 term for non-
leptonic decays, were considered/;

SU(3) -symmetry for amplitudes and /usual/ SU(3)-breaking
phase space factors; /for three-body decays the
estimates of branching ratios werel given for constant
amplitudes on the Dalitz-plot/;

Hi/ the validity of SU”3)-coupJing rule analogous to the
O0Zl-rule 1in strong decays Jjilj , which can be easily
incorporated into a quite general class of quark
models JI3-19] .



The actual framework explicitly considered is the quark
model with phenomenological quark confinement [0-173
applied previously to calculate form factors and the strong
decays of resonances. In this model the simplest quark
diagrams /"direct terms/ for die weak decays Pp0oJ have the
same SU(3)-structure as a large class of graphs containing
also internal hadron lines /" indirect terms"™ including

the pole contributions”™ and/or internal gluon lines. In

the spirit of the O0ZIl-rule this class of diagrams dominates,
determining the SU (3 coupling scheme among the hadrons 1in
the final state.

The internal symmetry relations obtained were tested fTirst
for the well known case of K-meson decays. The two relations
in Eq. B5) for K-y37V are very well satisfied. The amazing
accuracy Iis due to the fact that only isospin symmetry is
involved in these relations, and besides, the phase space
for K-*3"K 1s rather small, therefore the constant amplitude
approximation is good. Although not surprising /as they
express the absence of 1=3 in the final state/, these
relations also shed new light on the quark rule generally
known as O0ZIl-rule. /in this respect note also the

relation given below which can be one of the best places

for checking the accuracy of this quark rule./

As far as the charmed meson decays are concerned the experimental
verification of the relations in Egs .”30,32,38) would give

strong support to the first one among the above three assump-
tions /GIM-current/ as the SU(3) symmetry of hadron couplings

and the 0Zl-rule 1is well established.

A very interesting feature, In my opinion, is the possibility
to investigate the effects of quark colour in nonleptonic
decays. In general there are two sets of amplitudes /a-and
b-type/. For colourless quarks /Zor if coloured gluon exchange
is negligible/ the two sets are connected by some of the



relations in Eq. [15,16,18]. These produce a number of
additional SU (6] -relations among nonleptonie chajnnels/see
e.g. in the Appendix/. More generally, the connection of the
a-and b-type amplitudes depends on the Eilertz-transformation
properties of the effective current x current nonleptonie
interaction and this gives a handle to investigate the colour
properties of the weak current.

It 1s iInteresting to note that the preliminary data known

at present seem to indicate that DE=K T + and D+ *K°T+
occur at roughly the same rates. According to Eq.(29) this
means that neither b= -a /boson-quarks/ nore the dominance
of the annihilation process ( Ctop ~» ~p~so] work for
D-meson decays. This is In sharp contrast to what we learned
from K-meson decays. ITf more data will be available i1t will
be very informative to know which part of the nonleptonie
amplitudes /if any/ is dominating.

In principle i1t is possible to extend the results of the present
paper also to multiparticle channels. The estimatesbased on

the approximation of constant amplitudes may be very useful

in this case. As an example, the relation for Kg/J decays
/obtained from Eq. (] with constant amplitudes/ £7/:

M (K- oV

seems to work well within the experimental errors. /@ denotes
here the four-body relativistic phase space integral./ Similar
relations hold also for charmed mesons. In general, also the
multiparticle production aspects of the weak decays /average
multiplicities, inclusive distributions etc.Qioj/may be
investigated along these lines.
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Appendix.

In this appendix the additional parameter-free relations
resulting from the Fiertz-transformation properties of
nonleptonic current-current interaction are collected.
Two cases are considered:

i/ colourless /fermion/ quarks, when E.(I15) , i.e.
b=a holds;

coloured quarks in the geometrodynamics approach jl8j
when Eq. A8) , i.e. Q, is valid. Otherwise the

Q

same notations and assumptions are made as in the text.

Two-body decays, b=a.

I fa*—*-K’ﬂ 9 N 9
F(Ftakd?y) 9 @uk'y)

[Tr>-r<y) _ Ne =*£L ,0.m

[ (Fi-m+7)

I’CDCUTF<) 3 = 0.679
r (pl-x4™

Two-body decays, b=—"-a.

redbhk-~) 7 =

M(b-YT?1c?) » (pCb-"kT1C!) X = 0.0qf6i
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Quasi two-body decays involving vector mesons,b=a.

I_(bq—y kN/ o ( T K* 9+)
Q
V(sU R¥ K% &%

MoK TY)  cawrur-vy  Ong
r(DfefeV) 9(DEAT7°7 +J

[fel. 9 b-7S N2 ~ (9.935"
r(pt, K*fe,) 9fpt, KT4™17)

r my 9 (fefe.k V., e~
I (Fi- o (Ftfe K1?*9
rfe-.’\2) 9 b>NB *H _ o0.00689
F(Ft-’\g-l'- 9Ffp->2+7)
r‘fe°—i—fey) 0>(t>%IfeV) 9 ~ 3 4

r f— <CD“nTrf<h)

ffefe. gfe5EV)4, 40

MU S 2 9)

Quasi two-body decays involving vector mesons,

[ feU
[ (oi, )

preVi?*UF 3 0.000KG>

Q CD K" 9+) jjo _ 7

e & P 3



Three-body decays, b=a.

rent, 1 ?2 W )_ =o"
[(Lx"qa+at) 97
P(b4 RV ~) _ qisU kV?) j_=a03f//

pojuk hy) " <P<8—+&*? I,

PFri."PVy.) = | =

FTiWVA)Y 2 f ¢ h 43

FCFD% K°we°re)  L@@*K~ A ~-0.0355
r(FhxV33 O(FhaVv {0
rCFW*V4r2T7 _ , 0.1Ce

-, K] SOt
HAMNrK-V -] . c?Q>%7W)
[(PhTr+K"+k/~) A(PhA+K"+K"3
F(P% 10"
rcDWFVAOQ 2Ct>%hJ<hy) 3

_ @CFAMgy;, =01w
[ (B k'VyJ 9 Fottp)

Theree-body decays, b=~ a
r(%fus _ 4

- 0.00950
rF% xvot) 9 CpE*rrb N1 ol
£ E Aehh-TrTyl

N2 i . u
r(.KVE A A
9Ct>t~kV47)

Qf-> K a")
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Tabin | .

Feynman rules for LTirst ordor weak int.eraction quark graphs
/single quark loop for semileptonin and two quark loops
for nunleptonic decays/.

I/ Label the internal quark line four-momenta taking into
account four-momentum conservation.

2/ Write a factor

where
k. = four-momentum of some of the quark lines in the
p- = number of quark lines quark loop
MK = number of BS vertices /open circles/ with index
Ti-£...J = trace over SIJ and Dirac-indiees
b *

3/ For 1incoming mesons

=mx @ k*E)

where M is the internal symmetry matrix of the meson and

X is the momentum dependent part of its BS wave-function.

'n/ For outgoing mesons

pl “WX(P.K~2)
MK

where M=MT and % are the conjugate wave functions.



5/

6/

7/
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where M is the quark /effective/ mass matrix.

A2 (Tiit&u(pin pQut)

This assures overall four-momentum conservation.

0--- e---0 - TA
(rn

for the local current operator <« (ra) with Dirac-part
I' and internal symmetry part /\



Figure 1. The leading semileptonic coupling for charm decay.
The intermediate vector boson coupling (a.) is
equivalent at low energies to the four-fermion
coupling (b).

>n hadrons

Figure 2. The simplest /"direct'/ quark graph contributing
to the semileptonic decay of I)°.



Figure 3. Examples of indirect terms to semileptonic D~ decay
J (BZSZ575733  is an internal hadron line/.

a) b)

Figure h . The leading nonleptonic coupling for charm decay.
The fTour-fermion coupling can be given iIn two equivalent
forms /a and b/ connected by a Fiertz-transformation.

n2 hadrons (N2l

Figure 5. "Exchange'™ quark graph for D° nonleptonic decay.



2 hadrons (("*>1)

Figure 6. "Emission”™ quark graph for F+ nonleptonic decay.

a

Figure 7. The "exchange™ quark graph after Fiertz-transformation.
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