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The relations are obtained between widths of various two-

and three-body nonleptonic decays of charmed *0->т - mesons.

These relations follow from the £>U(3)-symmetry of the wea.-: .:ia-

ralltonian and quark diagrams underlying these decays. Taking

аз an input the existing experimental data, we eutinjauj nil

branching ratios of nonleptonic decay modes of considered types.

.«e predict comparatively large branching ratios(up to 1 ,.',..

(up to 1 - 2/5) for a few definite modes with &S=-i (u£,-O)l

into both three pseudoscalars in the totally symmetrical :Ua!'.c

and vector plus pseudoscalar. The striKing violation of J.':oiono

hierarchy is also predicted when some of the modas with д£> = 0

turn out to have much larger branching ratios than man,/ of гпозе

ivith up:-{ . The origin of these relative enhancement -<-тЛ ••>-х~.-

pression lies in relations between underlying quark iiâ r-n-. :

when familiar short distance factors are accounted for. '.'ner-.-i

results may serve аз a hint in current searches for c^nrnei .-•'•;-

sons in different processes.
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А.Ю.ХОДЖАШРЯН

УСИЛЕННЫЕ И ПОДАВЛЕННЫЕ ДВУХ- И ТРЕХЧАСТИЧНЫЕ
НЕЛЕПТОННЫЕ РАСПАДЫ ЧАРМОВЫХ МЕЗОНОВ.

Получены соотношения между вероятностями различных двух-

и трехчастичяых нелептонных распадов чармовых £> и 5" - мезо-

нов,следующие из S(j(3j -симметрии гамильтониана и кварковых

диаграмм. Используя имеющиеся экспериментальные данные, на ос-

новании этих соотношений получены оценки относительных вероят-

ностей всех мод двух- и трехчастичных нелептонных распадов рас-

смотренных типов. Предсказываются сравнительно большие относи-

тельные вероятности отдельных мод с Д 5 =>-1 (до 10$) и с

д 5 =0 (до 1-2%) распадов в три псевдоскалярных мезона в пол-

ностью симметричном состоянии и в векторный и псевдоскалярный

мезон. Предсказывается также значительное нарушение иерархии по

углу Кабиббо, которое выражается в том, что некоторые моды с

iS =0 имеют относительные вероятности намного большие, чем у

некоторых иод c&S = -I, причина такого относительного усиления

и подавления заключается в соотношениях меаду отвечающими рас-

падам кварковыми диаграммами с учетом известных коэффициентов,

возникающих из-зз сильного взаимодействия на малых расстояниях.

Эти результаты могут послужить ориентиром в дальнейших поисках

чармовых мезонов в различных реакциях.

Ереванский физический институт
Ереван 1979
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In our previous work"* ̂  we have discussed the consequences

of the JU(3) - symmetry for nonleptonic (NL) decays of charmed

ladrons.

It was shown that in addition to general T
1
tt,V-selection

rules, following from the SU(3)-structure ({6}$ $15})

of the weak nonleptonic rfamiitonian, more 3tringent symmetry

properties emerge for KL decays of the с! termed «ft > %
 t
 ¥- mesons

if we turn to the corresponding quark diagrams.

Indeed, due to tfte suppression of certain diagrams, viz.

annihilation type and 021 forbidden ones, the KL decays of

charmed masons are mediated by a comparatively small number oi

"decay" diagrams ( DO ). The last diagrams correspond to the

c-quark decay into light quarks, the ontiquork from the initial

neson being a spectator. The simplestoxamclea of forbidden »nd

allowed diagrams are sho,;n in Figs. 1b,с and 1a, respectl1
. i.y.

Hecall, that the suppression of annihilation diagrams



were noticed for the first tine in Ref. £ 2] • There was also

conjectured the equality of total widths of all the three char-

med mesons, following from the DD — dominance. The estimates

of two-particle Др =
 -± NL widths based on these diagrams were

also obtained in Hef. [*3j .

In the SU(3) -• limit to the set of DD there corresponds

a considerably smaller number of SU(3)-amplitudes as compared

with the general case. This manifests itself in a lot of ad-

ditional relations between NL amplitudes which do not follow

from the general selection rules. At the same time the «|о]ф{45{

structure of the NL interaction remains and no new selection

rules of A v = O type emerge. The above mentioned relations

were obtained in Hef. £i2 for various types of two - and threem-

body NL decays of % and V" - mesons.

Here we present experimentally testable relations between

widths of these NL decays, following from amplitude relations

obtained earlier.

Then, taking as an input the existing experimental data

on branching ratios (В.Я.) of the separate two-and three-body

NL modes, we estimate B.R. of all remaining Ap=-1, 0 modes

of considered types.

For the sake of completeness, he~e we write down also the

most general relations between three-particle NL amplitudes,

following from the dU(3)-selection rules.

<Уе assume that NL decays are mediated by the effective

four-quark weak HamiltoHian



Ot «

where (SC)« &
w
)f ><(i-«-̂ s) C

U
 etc. are weak currents of

coloured quarks; G is thj i?ermi conatant; 9 is the Jabibbo

angle. Familiar QCD - coefficients С
+
*О,?;<!.а-̂ 9

 f r o r o
 «ef. £2]

account for the strong interaction at small distances in ths

weak vertex (color vector gluon exchanges), T h e
 C 7 ^ + ratio

fixes the "I ̂* J / -J-(5} proportion in the effective ilarailtoniar

(D.
The Cabibbo favoured two-body (three-body) IjL decays of

JJ)j *3r - mesons with Д p =-1 into two mesons 1,2 (three raesons

1,2,3) are described by DD shown in i"ig1a (?ig2a,b). The

four-quark interaction (1) enter the diagrams having the weak

interaction vertex structure (SC ) • (ltd ) and (tic )• ( 5a.) with

coefficients 6<A.Co£»ZQ and G^>CoS© respectively, where

fe=
3 v 3

j'or A*> = 0 decays evident replacements are to be made

in these diagrams;

ind in coefficients:



Jonsider first the following types of two-find three-boay

*ъ с1эсауз: ^ ^ " ^ &£ j V P ; ( 5 P ) S . i>ne "s" subscript

means totally symmetrical state, Леге rs •{iTj К)
1
»^^ \ and

V= \ P- К, ц) - ^ ^ ^ я ф-5§< are usual pseudoscalar and vector

non,- ts.

To the first type of decays there corresponds only one

diagram of Pig. 1a, symmetrized over 1,2; to the second type

there correspond two diagrams of Pig la, where 1 or 2 is the

vector meson; to the third - alsj two diagrams of Pigs. 2a and

2b, totally symmetrized over 1,2,3. The corresponding amplitu-

des, proportional to ot , we denote by A; A^ and A^ ; С and

2) , respectively. The amplitudes of all Ap=-1,0 + 1 UL

decay modes of considered types can be expressed through these

fiva amplitudes £ 1"]. Theee expressions are given in the second

column of Table 1 for all modes with д£> =-1 and some modes

with Л $ = 0 . Rere t = £/<j. ̂  - 0,15".

Note that e2°-*-yi°K.cX°, 4>JC° and У-*- Ятг, Ътг, j>v ,

0>ТГ modes with U P = "i are forbidden in the annihilation

diagrams suppression .\imit considered here (while at the same

time $6 -> 1С K.K,
;
 У-* T»|»ir YJ1, J>TJ , ̂ 'tT^-^l, ТУ) v»

1
 modes are

favoured). The vanishing of T ^ C ^ ^ ^ S ) (^1 )s amplitudes is

due to the total symmetry of the final state.

./e restrict ourselves with those Д р=-О modes for whirl-

the below estimated B.H. turn out to be йоге than 0,1-5.

It is easy to convince oneself that the total set of акрИ-

tude relations which follow from the expressions of Table 1 in-

cludes most general relations, following from the SU(3)-selec-

6 ,



tion rules which were ootained for 2b, Ъ-> %z irirfef.£41 and

for $$+42 in Ref. [5]. General relations for Я),^-*

and for Й,3^"* V(2.P)s are given in Tables 2 and 3 reopectively.

In thene Tables ( Itir IT у ..j° denotes the ampLituie of »•*.**

de jay and so on. We write down only the simplest ( viz. poten-

tially testable)relations.

JVoru the expressions for RL amplitudes presented aoove it

is easy to obtain relations between corresponding widths taking

into account the relative phase spaces determin 1 by the JU(3)

mass differences. The widths of all modes of considered decays

determined by five independent amplitudes can bt expressed

through seven widths with regard for the A^ — A ^
 }
 С ~"SD

interferencesi These expressions ar° given in the third column

of Table 1 in terms of Г
4
 * Г (Ъ°->- КГ*

+
) ; Г

г
= Г(2>°-\Р*КГ) •,

;
 г,=г

Apart from these expressions, two triangle inequalities

take place, restricting two of the aeven X^ - values, for

The direct test of these relations is impossible so far

because the experimental lata are insufficient.

Nevertheless, using theoe relations and taking as an in-

put the measured Б.П. we can easily estimate the values of

B.R. of all remaining modes (or ai least their i эг/ег bound3y

if assuming the equality ox total widths of all the three char-

med mesons.



These estimat3s are presented in the fourthcolumn of Table

1. To obtain them we use the following facts and conjectures:

ii) In % -*• Ю ТГ
+
1Т~" and S& -* К ТТ

+
7Т

+
 decays [ 7,в]there

are no noticeable contributions of К, УГ •> j
5
 JC and

77*47 +-
|V 3C resonant naodeo, respectively. Therefore, we assume

that these decays go mainly into totally symmetrical

states. Using measured values of B. R. £,6j we have

,»e put also

iii)The value of ^ )

v/hich is much smaller than the measured value £ 9 3 Ъ(2) * Кл* 1Т̂ «

(12 t 6)>S. Hence, we expect that in the last decay there domi-

nates the final state antisymmetrical over 7Г Л which is

naturally the ф "^^уР resonant mode as it was already

noticed inRef.pjeo we put В

Ijote, that the obtained estimates do not contradict the

experimental data remaining unexploited: the value of

b(^^Y)-(US±O,^%.i
6
^
 and the

 absence of &%3°<L° and

^"•"-^ \C*°5T
+
 decays with appreciable widths.

Summarizing the predictions given in Table 1, we come to the

following conclusions, v/hich are not strict, however,because

of large experimental errors in the inputs:

1. We can expect that some modes with A S = O (all they

are presented in Table 1) should have B.R. much larger than

many of those with A S = - J . . The striking violation of the ori-

ginal Cabibbo hierarchy i3 due to the relative suppression of

8



some quark diagrams by the factor О — */\ which is of the

same order as the "t^8.

2. The three-body (ЗР)- ЙЬ decays should give contributions

to the total widths of charmed mesons(up to 40%)much larger

than the contributions of two-body ones (up to 2%). .Л the

same time only a few definite (VP) and (3?)s modes for each

meson are essential in the total (3P) contribution.

To test this conjecture it is necessary to investigate

+• о
first the ( ЗГЗГ ) - invariant mass distribution in the

-*- кГтг
+
Я ° to extract the 3> •*• 1Сj>

+
 mode.

3. Some decays with У) and Tj' in the final state should

have comparatively large B.R. (up to a few %), depending on

the mixing angle value (see Table 1).

Note that relations and estimates given here for decays

involving v^ and v̂  are tests of the OZI rule and (or)

mixing pattern for the pseudoscalar mesons.

The mean charged multiplicity ̂ lO for the considered

) 2) decays from our estimates turns out to be «2, 6
,

from K.£ are taken into account). These values do not

contradict the measured total charged multiplicity

<л.а°> = O a
+
> = 2,3 i 0,3 .

Consider now the St),^-* 2.V and ft >T-*• V(2.PJs decays

which are not yet well investigated.

The primary decays are identical to the 4)
;
'3

:
-*

I
2JL decayз

from the point of view of Su'(3) - symmetry and quark diagrams.

Unfortunately, the lack of experimen
+
al data and the uncer -

tainty of the relative kinematical factors mentioned in iiaf.

d o n o t
 allow to obtain reliable relations and the B.R.



estimates, ле note only, that the main modes with the ampli-

tudes proportional to otC«.s9 are apparently: «$ -** К ĴP ,

^+^K*°J>° and ^-^vP^t-

The ЗЬуУ-*- V(2.P)b decays are determined by the six in-

dependent PD of Pig. 2a and 2b where 1,2 or 3 is the vec-

tor meson. The preliminary dataf6
f
7j tell us that

It is easy to see that to these modes there correspond comple-

tely different combinations of diagrams. These data are quite

insufficient for any predictions.

The expressions of the S)J?~*M*P)£ amplitudes in terms of

relevant quark DD were given in Ref. £ 1J . Here in Table

4 we present the corresponding relations between widths for

Д р - - 1 modes. The kinematical corrections here correspond

to the simplest kinematical structure symmetrical over JPI and

X n momenta {р-нРа.^ "• V̂ ». (p<» + рг.) К аж! can be taken as

crude estimates.

In conclusion we note that the tests of all relations

obtained here for some types of charmed mesons 21L decays demand

more correct measurements of various relative and absolute

vii iths of these decays. This in fact may be carried out in

e +
e ~ annihilation experiments due to unique features of the

'SClb'WZ) resonance which decays totally to ф ф and possibly

clue to existence of analogous resonances decaying to ? 3~-

The obtained estimates of various decays B.R. may serve

аз a hint in current searches for these particles in different

processes.

Ti

D



Table 1» : Amplitudes and widths of two- and three-body

nonleptonic decays of charged mesons.

Mode

AS-i:

K.V
I?0

K. ^

/к-
wic°
фкв

tfV

1* v

KTITV

УСтт тт
-О в о

Amplitude

А
£А

Ад

Ж А г

0

Ая.

а + л с
.. ч

Width

г А

0,01Г±
±1 i )

0,00*1П (о,ообГ|)

0,оо5Г Го ooiri)

0,oi Га

о,о {Г 3

0

Гз

0,01Гг

о!г?г6'

Is
- 0,0? Vs t СОЗГ4 ч-О,Об Г;

~ 0| о ZF 5 •»• 0, Ъъ Vi + i,36 Г̂

-0,12Г5 +0 |05Г^ +-2,3013^

В(.)

-СОД

<оД(<0,

<0Д(<0,^

4i,0

* 0

0

од

io

^ J A Q j

i) The ixiputs are underlined ( exp. errors omit Led .'•

ii) Amplitudes are given for unmixed r^ and y£ sta:os.

iii) Widths and B.K. in (without-) parenther-ia c^rrespona to

the 0mix = "11° ( unmixed "Ц and У[ s! al.ro ).

iv) The "s" subscript is oraitted.



Mode

*Vi

tfr\

—о о i

0 "V ^

fir
Л

IV ^ ^ il

#1 J( #1

fV Iv 11

Amplitude

0

-A i }

A

-Ai

Ai

Width

-о,ог^+о,о4Гб + о,ог^

(-0,0 % Г§ + OjO-tr̂  + O,OdTa^

0

0 _ 0 6 r i

0,05 Tt

0 . 0 3 ^

0,озГг

* • * " •

0,ОАГ5-0,ООЯГ6+О,О{Г, I

0,i3 Г5 - 0, ОС Г4 +0,10Г,)

0

г-5,3

<W

0,1

0,1

l,°
0,3

(^3,0")

^0,1

C»M)

i) The common factor "ty© in amplitudes is omitt.e4

12



Mode Amplitude Width

U ilV

BV
KTTTV

KW

A

A

1.6

41.0

>.a,i

0,05^

0,001 Гь+0,0ЦГч)

о,оЗГб

ОД

о,**

(0,1)

0,3

0,3

0,0<5Г6 ОД



Mode

AV

/I TV

К) "П

1

A1

Amplitude

-HA

0

^ A

Width

(OiOoSl^-OiOOlFf + 0)02. Г»

O,ilTs -0%0SVb + O,06bi

5-0,oosr6+o,oir^

0,6 2 Г*

0

(о^с?^)

o,o гг±

0

ешь
о,1бГ2

в (2)

.0,6

0

0,6
(0,9)

юл

0

.0



Mode

ft, Mf

K.4V

5,
»̂7 ^r ^V *•

г̂ О

Amplitude

}•'

(£+S)C

"7*Ĉ C+ (2+6)3)J

0

"* *̂ i

Width

о,оггг

0

0,ЯГОГ5

0

( 1 о ' ъ (- 5 Г5 + ЯГ ,̂+ 2X3 Гц))

O,O5>Ti

0,09^

-0,01^+0,00^+0,05^

»»)

0

(>Л0,5)

*'о,г
г»

0

o,i
i,0

(0»

0,1



Mode

lUrV

|V »v IV

Amplitude Width

0,05Г 5

C-O,oir5 +0,оо1Гб+0,о?г

?)

(-0,4<Г5 •»• 0»0*<Гб •+ O|5?I?)

(Tolr^ooirlooin
o^rs-o,oirs+o,oar?

0,02 fg -0,D05"f4+0,Oo5f^)

BOO

0,1

^•од



Table 2 ; Relations between amplitudes of 3>,5"-»'

decays following from the general S U 0 ) - selection rules.

AS-i:

= (ic*T

Relation Selection
rule

ftT.i

n

A^»0: (K,*lcVW«-(**

. ("It tl *\ ) % .

,av,V

i



Table 5 : Relations between amplitudes of ^ У - * V(2,P)
S

decays, following from the general S U O ) - selection rules,

*-гф
= д

-к/.

r+)jf"

РКП»

V-(

Relation

. + / D if it- I—J

»1 X — f V*

( A S » - 1 )

>

ФЛ If

)»••

V-o.

Selection
rule

i

;

и

tt

11



Table 4: Relations between widths or $,3F->V(2,P)
S
 decays

witl. д£=-1 following from the amplitude relations
obtained inReffi]. 5*= £/,£-•-0,15".
(The numbers given in parenthesis are the symmetry factors,
the numbers '̂iven in brackets are relative pbade spaces)

[о.оЯ

[ 0 > о о г ]

ш r(3:t-> WTTV) Я Г(

К
о,оо2]



Table 4 (continued)

Г*

Г(*%К"У**)

["0)^5"]

T{tb -+$ К/ •»[)

r{

(1Л0Г(»*-*К.#х-У)

[o.io]

г».

[o.-io «Vj,]



ФаЫе 4 (continued)

п



I «I 1СГ

О Ю"

•H

лп
ro ъ

см

о НУ

bO

кл
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figure Captions

diagrams сorreaponding to the UL decays of

charmed mesons into two mesons 1 and 2:

a) - "duoay" type diagrams (DD).

b,c)- annihilation type diagrams.

x
p
ig»2. Quark DD, corresponding to the NL decayз of charmed

masons into three mesons 1,2 and 3.
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