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минируют кварковые диаграммы распада С -кварка (модель спек-

тейтора). Продемонстрировано качественное и количественное сог-'

ласие этой модели с указанными экспериментальными данными в
i i

•случае, когда параметры эффективного гамильтониана нелептонного»
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Recently trte new results on D-meson weak nonleptonic decays have oeen

obtained in MARK I I experiment1" ""at SPEAR e+e" -storage rings. The

2) -•• КЗТЭГ Dalitz plots have been studied anJ new quasi-two-bcdy decay

modes &-•• K^ and Sb •*• К ЭТ ( 2) "*" V P ) have been observed.

The aim of this note is to analyze these data from the point of view of

the D-hieson decays quark mechanism. This subject 1s now widely discussed in

connection with the observed sharo difference between oO and oD <пып

lifetimes (see e.c. and references therein).

First of a l l l e t us emphasize that the discovery of 2) "•" V P mcies

at last rewoves the drastic contradiction noticed earl ier *• ' J between

tiie relations

for the branchinq ratios into symmetrical three-body states «У "

and the experimental numbers^1 3 : &R (2) "*"K ЗГ Л }= (8.5 ± 3.2)%:

= (12.9 ± <J.4)S; ЪК(3?-+Кт№)- ( 6 . 3 ± 1.5)X

Really, accordina to Ref.flJ the main contribution into the f ina l state



5)°"*'К.ЛГ'
1
Л

в
 cones from 2) "*'Kf

l+
 (85%), 3)**"1С31*(Ш) and

2)"*K Л (7S) modes , while the nonresonant mode «D •*• К (ЭТ^Л")^ 1s

absent within the accumulated statistics. (The deviation of branching ra-

tios sum from 100**" 1s 'due to small Interference between the correspond-

' ing amplitudes). Similarly^
1
-" the sizable part. >(15-40)X

 o
f 2)-*"КЛ*Л°

decay r;oe; through the a) "*lv j> resonant mode. At the same tine the

d oQ "* К 31 Л decay has mostly nonresonant character,the eO "^ К Л

contribution being no more than 40?.

These results in fact mean that the relations (1) already don't contra-

dict the experiment. Nevertheless precise symmetrical three-body branching

ratios are still needed to establish the quantitative agreement.

Kecall that the relations (1) are quite model-independent and follow '

from .he general isosoin structure А Х
Ш
 1 of the weak nonleptonic charm

change interaction. The available experimental data are yet insufficient t

check the rest of such general relations following from Д 1 * 1 , Д М
Я
1

*)
and other selection rules.

*) The only exception is the familiar relation following from A J
s
i se-

lection rules for the Cabibbo suppressed decays I
 >b
J

(•to
l
0

t
fi:(^O5) * which is to be compared with

; 6 R ( X f ^ V ) / B R # ^ } O r + ) * о.озз ±0.015
% BR($°<*K' l'lO/BR(2)<*'K3r) !. 0 ш ± 0 030 To o u r m1nd> t h e s e

experimental numbers are not precise enough to indicate the deviation from

lv tAJL* 1 (e.g.*- ''due to the six-quark mixing angles) since within expe-

'
4
 rimental errors such deviation may be well understood as a usual S U ( 3 ) ~

; breaking.
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The more detailed analysis of nonieptonic decays at the level of quark

diagrams leads
1
" to a lot of additional model-dependent relations which

we now wish to discuss.

The understanding of D-meson decay quark mechanism has undergone a con-

siderable evolution over the last time.

С
 7
 "3

The initial simplified consideration dealing with the С -quark

decay as an asymptotically free process ana resulting in a parton-like

equality of T(«D ) and X\3i )
 n a

s turned out to be too cruoe. The ob-

served difference between Т/л) / and t(5) ) indicates that tne typical

distances in the decay of С -quark (where the energy of order of

W ^ M l . 5 GeV is divided among three oriqinating light quarks) are not small

enough to consider this process as an asymptotically free one.

It seems that the QCD leading loq approximation*• -"for the coefficients

С ± of the effective nonleptonic Hamiltonian:

С
+
*ОЛ , с. *LS

is also incorrect. As It is already known, the substitution of these values

into the relation ' * :

BR (»•-

where



leads to disagreement with the experiment

= (2.1*0.9)?

(6)

- <2.P±0.5>*

Recall that (4) as well as a great number of other relations between the

amplitudes of nonleptonic decays (see e.g. ) emerges In the so-called

spectator model where decay type quark diagrams (Fig.l) dominate while the

annihilation type diagrams (Fig.2) are consistently neglected. The last

diagrams are suppressed in widths by the familiar (V-A) factors of (~/fn )

where JW is of order of light quark mass.

« о

Recently an alternative annihilation mechanism decreasing the JO -life-

time has been suqciested *• ^ , where the V-A suppression is removed due to

gluon radiation by the initial CXL state. The assumption of dominance of

such diaqrams explains both the T ( S ) //"и 2) } ratio and the violatic

of (4). Note however that the perturbative calculations indicating certain

enhancement of these qluon annihilation dianrams are, strictly speaking,

mreliable since the gluon radiation process takes place at essentially

large distances. In fact a sizable valence gluon component in the wave func-

tion of D-meson is needed I- J to acnieve desired dominance of the annihi-

lation diagrams. This last conjecture seems quite artificial since until

now there have been no indications of such deviation from the valence quark

model for any of the known pseudoscalar mesons.

Realizing that the naive spectator model is inapplicable and at the same

time the alternative annihilation model 1s not well-founded, one can form

a following pessimistic view of the situation. The pattern of nonleptonic

charm decays is complicated being totally controlled by larqe distance dy-



namics. No simple representation of these processes 1n terms of quark di-

agrams is possible.

Furthermore, the situation may be even more difficult since the final

l state interaction effects ( j\*T rescattering) may contribute as it was

noted in

У Nevertheless in our previous paner it was demonstrated that within
V
I

the framework of simple spectator model and valence quark approximation om

can naturally explain all discrepancies between the naive model and the ex-

periment.

In the remaining part of tnis paper we shall briefly recall the main

С iO
arguments presented in and will realize that the model developed there

CO
also agrees with the new data . Finally, several numerical mistakes in
Ref.£l4} wi l l be corrected , which however did not influence on the final
(rather qualitative) results of that paper.

С
1 4
Д

According to the total nonleptonic width of D-meson is not deter-

mined by an asymptotically free С -ризгк decay, but is formed as a sun

of partial width- of separate decay modes. Every exclusive decay proceeds

at essentially large distances. Nevertheless to every such process there

Г 14 1

corresponds a definite set of quark diagrams of spectator type (see

Fiq.l) 1n which both initial and final states are considered in the valence

quark approximations. The C ± coefficients of effective Haniltonian (2)

in this approach are regarded as pure phenomenoloqical parameters. They are

^ not calculable in QCO perturbation theory , but we can extract them as in-
f

puts d irect ly from experimental data.

In the spectator model the relations between the amplitudes of two- and

f quasi-two-body nonleptonic decays of a certain type (e.q. 3b"*CE, V P

or 2 V ) depend on the single parameter О determined according to (Ь)



if
by the £-/C+ ratio. These relations look quite different depending upon

the value of О . At | О j « i , i.e. in the region close to the QCO

prediction tf = -0.15 ( C+ and С as in (3)) the total width of

two-body decays is close to the corresponding width o* eO . But i f

-i i the suorjression of Sb two-body decays takes place due to

the cancellation of Ficj.la ond Fiq. lb dianrajns. Simultaneously, the eC

two-body decays are enhanced and 1n particular Т ^ О ^ К Я J becomes close

to Х л У ^ К И ) in accordance with (6). At the same time, ai i t

was argued in Ref.£l4J , in three- or many-body decays where the number

of independent quark diagrams is alreedy large, the situation is more com-

plicated and is net. controlled by a single parameter О . Fixinq any par-

ticular value of 0 one cannot simultaneously suonress all 30 many-body

decay modes and enhance tne corresponding J) fodes.

Taking the abovement.ioned arguments into account the following rain con-

clusion has been rade in Ref.£l4j. If two- and quasi-two-body modes domi-

nate in D-meson decays , then the spectator model can naturally explain the

large difference between T (3) ) and T(*U ) due to the fact that О -value

may approach -1.

The very observation
 v J

 of quasi-two-body modes « U ^ Y Jr saturating

some of the ou"*
1
 3 P decays supports this conclusion. Moreover, quanti-

tative estimates are possible which will clarify our viewpoint.

To fix the value of О which determines all relations between two- or

quasi-two-body decays we may use the followinp exoeriwe^tal input for which

|§ two independent measurements^ ' give nearly the same value:

it
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The absolute wii'ths of these decays are relateu by

(a)

j Therefore
•

 :
'л / 1

For the ratio of mean lifetimes we take the interval

that along with the corresponding intervals of semileptonic branching

ratios

(9b)

(is

Г 1 16 1
embrace the whole range of experimental data ' . Hence we obtain two

possibilities:

Б"*» -(0.5 f 0.7) (10a)

or £* = -(1.5 * 1.3) (10b)

Hereafter the first (second) number quoted in ( * ) Intervals corresponds

to the lower (upper) limit in (9a). Note that in both cases (10a) and (10b)

the value of О does not substantially change with the variation of

The Interval (10a) being far from the QCD value of <T =-0.15 is never-

;.* theless within the range of ±502 variation of C ± coefficients around

their QCD values (3). In this connection it is worth recalling that the



combination of effective Ham1lton1an with the valence quark model has beer

applied earlier 1n Ref.fJSjto various nonleptonic decays of K-inesons and

hyperons. A meaningful description of these decays has been obtained. At

the sane time the coefficients of effective Haniltonian calculated In leac

ing log approximation and extrapolated into the laroe distance region have

turned out to be uncertain up to »v 50%.

Returning to the estimates of О note that the interval (10b) 1s 1n

better agreement witn the relation (4) 1f we substitute the experimental

numoer (G). At tne sane time at t ( * ) //Xy^bj^D trie values of О

wteriitineu from (G) by means of (7) and ..from (4) by neens cf (6) already

contradict eacii other.

It" farther measurements prove the value of B R ( 2 ) " * K JI / close

to (6) (now this value 1s based on eloht events only ̂  •* }, 1t will mear

that the parameter о determined in the spectator n;odel substantially

differs from tne QCD prediction. Indeed, (10b) leads to C j £ » -(O.U0.06)

that besides fceinci much smaller than (3) also corresponds to different

signs of С A and С .

The new data *• •• allows to choose among two possibilities (Юа) and (lfb)

wore or less definitely. To do that let us compare the spectator model

relationf?
3

BR
(0.865)1'

2

(in "arentheses is the relative phase space factor) with the experimental

numbers ^ :

• (7.2 ± 3)%

10



The central values correspond to | о | = 0.7 . Similarly, the substitution

of BR (2) 0 "*" K°5>°) = 0 . 1 ± J ' j and B R f l t f + K Л*) "(3.411.4)%
(the quoted average *- •• ) into the analogous relation

(12)
2-(0.865)

leads to 15*1 = 0.2 (again for central values).

In Fig.3 the intervals of joj (with the account of experimental errors)

a-e represented as compared with the QCD-prediction taken with ±50S varia-

tion. It is seen that the interval JSf = 0.5 * 0.7 is in better agreement

with vther experimental inputs. Of course, large errors make it so far

impossible to clarify whether we can establish any universal value of О

for all two-body decays. Hote that from a purely phenomenoloqical point of

view different values of о for different decay types (e.o. U2P.Oyp

§ 2 Y ) are not excluded in the framework of the spectator model. Neverthe-

less we assume here that the simplest variant of this model works. So we

take universal О = - (П.5 * 0.7) (the sign is in accord with OCR ore-

diction).

We conclude that actually О is far from -1, which is the ideal va-

lue for cancellations in *U decay diagrams. Let us show, however, that

the cancellation mechanism in fact works in this "intermediate" case also,

yielding T(%*)>X(Z>°).

TO
For this reason we shall use the simile relations that naturally arise

in the spectator approach between nonleptonic and seniileptonic widths of

D-mesons. These relations directly follow from the factorization properties

of quark di'nronis in the SU(3)-limt . The final expressions obtained in

Ref.fl/.Jcontained in some cases incorrect numerical phase space factors.

i i



1I.L correct relations arc the following:

(о.5)Г( ъ*+к У)= к Vv)

(13с)

here we assume that the ^ 3 ) | K / a m J ^ 2 ) | K ^ formfactors have the

same sig» anu are Gt -Independent; Od = ( 2 C + + C - ) / 3 .

ComLinimj (13) with the relations between nonleptonic decay widths that

from the spectator model i t s a l f ^ ^we can easily express the widths

of all 5Л>-*"2Р , V P , 2V decay nodes in the units of total semi-

leptcnic width r ( t f " * 6 * + ") taking Into account that*" Ь-*Кв

f ina l state wakes 55% (393) of this width. To estimate the parameter OL

entering (13) we use (13a)

at BR(2)°-*6'
I
+"-) - (5 t 2.5)*. Alonq with 5* - -(0.5 * 0.7)

it corresponds to the following phenomenological values of C+ and C _ ;

С = 1.7 f 2.7

C+ " 0.31 fr 0.22



Tibie 1 represents the resulting nonleptonic widths in the units of

1 ( Э "*"6 + ••• ) . F o r completeness the corresponding predictions at

ICO values of C t аз well as the widths of F-rneson are presented.

If we sum ever the calculated two- anu juasi-two-body widths (the re-

sulting sums denoted as P ( « O " * 2 P | V x i 2 V / are given in Ta«*le 1) and

leg lee с uie rest of 2),«0 nonleptonic nodes, then the following esti-

iitate is immediately obtained;

This estimate indicates that the cancellation mtcnanism really works and at

least for t ( * ) / / f \% )"O the spectator mod"! reproduces the exneri-

mentul situation selfcor.sistently.

of course, toe contriljution of 2 P , V P and 2V fnof'ei is far from

saturating the total widths of D-mesons. Indeed, from (1Д) we have:

which is more than the quoted values (9b). To restore the f u r consistence

with experiment the contribution of neglected n.odes into the tfo total

wicitrvmust be at the level of Г ( 3 ) "•VP, 2 P , 2 V ) • Simultaneously,

the analogous contribution to the д) total width taust also be suppressed.

Such situation may be well reproduced by the cancellation mechanism due to

quasi-two-body modes that we have ignored, e.g. with scalar or axial mesons

in final state. To confirm this conjecture a further careful search for reso-

nant structures is needed In three- and four-body final states of D-meson

13



Honleptonic decays.

A few f ina l remarks &re to the point.

iiavinr- SO"*" V P branching ratios at our disposal we can direct ly test

the relations (13) that l ink the decays of different tyDes in spectator mo-

d e l . Dividing the second equation i n (13a) by the second one in (13b) we ob-

BR (»°-KV)

independent of any parameter. This last relation is confirmed f a i r l y well by

data provided tnat the rat io K * e v / < e V = 0.39/0.55 . Simulta-

neously the l i m i t C l ^ B R ^ i ^ K ^ X 1 5 • 40)% вЯ(%*~К°жЪт°) Is con-

sistent with (13c) i f we substitute the same rat io in and choose S* and

T ( 2 ) ) / T ( 2 ) ) as before. From the f i r s t equation in (13b) unambiguous-

ly follows tnst К P fflode of «0 is expected at the same level as

K"*"jT+ . F inal ly, we note that (7 ± 3)?; for ВR(j5"*K^"*])is some

wuut higher to confirm (13a). Maybe, this disagreement hints that the con-

stant formfactor aporoximation yielding (13) is too crude and the Q -de-

pendence is to be accounted.

Note also that the T -meson decays may nrovide very important informa-

t i o n . In particular from Table 1 we obtain that X(?r J^xffi). is ex-

pected independent of о -value.

Our f i n a l conclusion is that the spectator model of charned meson noniep-

tonic deccys is viable from the phenomenclogical point of view. I t reproduces

the experimental situation in tsrms of a small number of parameters. However,

inless the experimental tiata are substantially improved the model can't be

f inal ly established. In any case, the value of f f S )/T(Z) J «Jxceeuing



I т 3 seems too hioh ami unnatural from the point of view of the spectator

anpr&acn. note that quite recently the first direct observation *> J of ra-

ther lcnn lived 2ф has been reported.
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tical laboratory for the kind hospitality.



Table 1. The widths of two-body nonleptonic decays of D-F-mesons

in the units of total semiieptonic width

Jecay node

KV

R°w
,К*°эг°
K*V"

К°ф

r{2)VP,VP,2V)

K*SI 4

RV
T(?)V2P,YP;2Y)

5'= - 0,5 4 0,7

0,6 4 I .I

0,075 4 0,3

0,02 4 0,08

0,03 4 0,1

0,7 4 1,2

0,09 4 0,3

0,09 4 0,3

0,075 4 0,25

0,4 4 0,7

0,01 4 0,04

0

0,4 4 0,8

0,05 4 0,2

0,05 • 0,2

2,6 4 5,6

0,15 4 0Л

0,2 4 0,4

0,1 4 0,02

0,1 4 0,07

0,55 4 0,6

Г ж -0,15

1.2

0,CI

0,004

0,006

1,3

0,01

0,01

0,01

0,8

0,002

0

0,87

0,01

0,01

4,2

0,87

0,99

0,61

0,62

3,1
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Table 1, (continued)

Decay mode

KfK°

P + T l
рэт,сизг^

РЧ1

K* e K +

P*4*

pV^pV)
r(?+-2P,VP^V)

5*= - 0,5 - 0,7

0,4 +0,7

0

0,15 + 0,3

0,1 + 0,5

0,7 + 1Д5

0

0.35 f 0,6

0,1 * 0,2

0Д + 0,2

0,2 * 0,5

0,4 * 0,8

0,1 -* 0,4

0

2,6 * 5,3

S0 = - ода

0,7

0

0,3

0,02

1.2

0

0,7

0,2

0,02

0.03

0,8

0,02

0

4.0

X/



Fio.l. The spectator type quark diagrams

corresponding to the two- and quasi-two-body

decays $)-*> 1 + 2. The ratio of diagrams

is equal to и

i

Fig.2. Tha quark diagram of annihilation type

corresponding to $) two-body decay.



1*1
2.0

QCD*507e

В EV/кУ
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1.5

1,0

0.5

о

F1g.3. The intervals of О -value extracted

from the experiment 1n various ways versus QCD

prediction.
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