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Recently tine new results on U-peson weak nonleptonic decays have veen
obtained in MARK II exper'lmenttl] at SPEAR e'e” -storage rings. The
ﬂ -+ K palitz plots have been studied and new quasi-two-bcdy decay
modes Q- K? and =+ K*.'JT ( D> VP) nave been observed.

The aim of this note is to analyze these data from the noint of view of
the D-meson decays nauark wmechanism. This subject is now widely discussed in
connection with the observed sharn difference between 3# and zo naean
lifetimes (see e.a. l:IJand references therein).

First of all let us emphasize that the discovery of Q*VP nedes
at last removes the drastic contradiction noticed earlier [z.33 between
che relations

T g (615 BR (0~ R )= BR(E~1)

for the branching ratios intu symmetrical threc-body states uv‘* K(JTJI')S
and the experinental numbers [-1] BR (3 "’KJI'JT )- (6.5 + 3.2)i:

BR (DKW °) - (12,9 + 0.0)%: bR(i)*KJ!JI')= (6.3 + 1.5)%
ang T(R)/T(D°) >>4.

Really, according to Ref.[l] the main contribution into the final state



bo"" K?Jl‘fl\‘ ° cones from 2°-»K}* (85%), 3°*E'i‘(u:) and

ﬁ "Kia'{'* {7%) modes , while the nonresonant mode $++ K'(m".n‘)s is
absent within the accumulated statistics. (The deviation of branching ra-
tios sum from 100.,.:1315‘;&@ to small interference between the correspond-
ing ampliiudes). Simi]aﬂycl] the sizable part >(15-40)% of ﬁ*‘hksﬁ'}l’o
deca2y oe; throunh the 3+'> K?P* resonant mcde. At the same time the
z-'." K-J{+J‘+ decay has mostly nonresonant character.the ﬂ"-* R.*.?H:.-
contribution beinc no more than 407.

These results in fact mean that tne relations (1) already don't contra-
dict the experiment. Nevertheless precise symmetrical three-body branching
ratios are still needed to establish the quantitative agreement:

Hecall that the relations (1) are quite model-independent and follow °
from .he general isosoin structure AT-i of the weak nonleptonic charm
change interaction. The available experimental data are yet insufficient t.
check the rest of such general relations following from AT‘i ’ Au'i

. *
and other selection rules.

*) The only exception is the familiar relatfon following from Au=i se-
lection rules for the Cabibbo suppressed decays [4’5]

BR(D%3"x) = BR (3% K'K') = 10, BR(D*+KT")

_ (-tgtef_z QO0S5) . which is to be compared with (.

BR(T+r'w)/BR(D+K') = 0.033 + 0.015 '

BR (KK Y/BR(A+KT")- 0.113 + 0.030. To our mind, these
experimental numbers are not precise enough to indicate the deviation from
AU-=1 (e.g.[ﬁldue to the six-quark mixing angles) since within expe-
rimental errors such deviation may l_;e well understood as a usual SU(S)-

breaking.
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The more detailed analysis of nonleptonic decays at the level of quark
diagrams leads [3]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.

The in'tial simplified consideration[ = Ja‘ealing with the € -quark
decay as an asymptotica]ly free process ana resulting in a parton-iike
cquality of T(m+) and Tf(ao) has turned out to be too cruce. The ob-
served difference between T(ﬂr) and T(.ﬂo) ingdicates that tne typical
distances in the decay of { -quark (where the energy of order of
- Mg ~ 1.5 GeV is divided among three originating 1ight quarks) are not sma]i
_enouqgh to consider this process as an asymptotically free one.

8
It seems that the QCD leading log appraximathm[ Jfor the coefficients

C £ of the effective nonleptonic Hamiltonian:

Heis = Seodbed e ()i 2(T0(Ed}
Cex0% , c.=49 )

is also incorrvect. As it is already known, the substitution of these values

]
3.9
into the relation[ ] :

BR(9~K%°) = ..g_f BR (2" K ) )

where

6’= 2~ C-/cy
2+ C-f/c_., (5)
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[1]:

leacs to disagreemant with the experiment
0 =0
BR (2> K )
° P d
BR(9=+K=t)

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

€3l

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

(2.1 z n,9)%

(6)

(2.2 £ 0.3)%

anplitudes of nonieptonic decays (see e.g. )} emerges in the so-called

anninilation type diagrams (Fig.2) are consistently neglected, The last
diagrams are suppressed in widths by the familiar (V-A) factors of ({?ﬁ;c)q
where M is of order of lignt quark mass.

Recently an alternative annihilation mechanism decreasing the .ﬁo-life-
time has been sugoested [11] » Where the V-A suppression is removed due to
gluon radiation by the fnitial Cﬁ state. The assumption of dominance of
such diagrams explain>s both the T($+)/T(5°) ratio and the violatic
of (4). Note however that the perturbative calculations indicating certain
enhancement of these gluon annihilation diaorams 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 [123 to acnieve desired dominance of the annihi-
lation diaagrams. This last conjecture seems quite artificial since until
now there have been no indications of SUC.h deviation from the valence quark
model for any of the known pseudoscalar mesoﬁs.

Realizing that the naive spectator model is inapplicable and at the same
time the alternative annihilation model is 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 large distance dy-
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namics. No simple representation of these nroccsses in terms of quark di-
agrams is possible.

Furthermore, the situation may be even more difficult since the final
state interaction effects ( KJT rescattering) may contribute as it was
noted in Ref.[l'u’J .
€143

Nevertheless 1in our previous paner it was demonstrated that within
the framework of simple spectator model and valence quark approximation ont
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
arguments presented in[ 1 ]and will realize that the model developed there
also agrees with the new data ! . Finally, several numerical mistakes in
Ref.fld] will be corrected, which however did not influence on the final
(rather qualitative) results of that paper.

According to H the total nonleptonic width of D-meson is not deter-
mined by an asymptotically free € -quark decay, but is forwed as a sur
of partial widtr. of separate decay modes. Every exclusive decay procee:ds
at essentially large distances. Nevertheless to every such process there

[14]

Fia.1) in which both initial and final states are considered in the valence

Corresponas a definite set of quark diaqrams of spectator type (see

quark approximations. The C: coefficients of effective Hamiltonian (2)
in tiis approach are regarded as pure phenomenclogical parameters. They are
not calculable in CCD perturbation theory, but we can extract them as in-
puts directly from experimental data.

In the spectator model the relations between the amplitudes of two- and
quasi-~two-budy nonleptonic decays of a certain type (e.q. ﬁ"ZP, VP

or 2V )} depend on tne sinqgle parameter g determined according to (5)
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by the C-/C+ ratic. These relations look guite Jdifferent depending upon
the value of 5 . At |5[<<i . 1.e. in the region close to the QCD
prediction 5' =-0.15 { T, and C. as in (3)) tre total width of

zo two-budy decays is close to the correspondine width of ﬂ*‘ . But if

5+ -i , the sunpression of s" two-body decays takes place due to
the cancellation of Fig.la and Fiq. lb diaarams. Simuitaneously, the eDo
two-body decays are enhanced and in particular I‘{@o"k-o.‘)\'o) becomes close
to F(firK}f') in accordance with {6). At the same time, az it
was argued in Ref.[14] , in three- or many-body decays where the aumber
of independent quark diagrams is alree—dy larqge, the situation is more com-

plicated and is nct controlled bv a single parameter J . Fixing any par-

. , . +
- ticular value of 8‘ one cannot simultaneously sunbress ail % many-tody

decay modes and enhance tine corresponding %o modes .

Taking the abovementioned arguments into account the following main con-
clusion has been rade in Ref.[ld]. If two- and quasi-two-body modes domi-
nate in D-meson decays, then the spectator model can naturally explain the
large ditference between T(5+) and 'r(.?)°) due to the fact that 5' -vatue
may approach -1l.

The very observation [1] of quasi-two~body modes SD‘PVP saturating
some of the @* 5P decays supports this conclusion. Moreover, auanti-
tative estimates are possible which wil_l clarify our viewpoint.

To fix the value of 5' which determines all relations between‘two— or
quasi-two-body decays we may use the followino experimental input for which

two independent measurements[ 1,16)
BR{D>K¥') 0.2 W
BR(D°+KF')

give nearly the same value:

[+ <]
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The absolute wi'ths of these decays are relatec.r '“be

T(D*K%*) = (1+8)V T (D »K7*) (®)

Therefore

e

o e gt
E PR

For the ratio of mean lifetimes we take the interval

(D) /t(d°) =3+10 (%)

that along with the corresponding intervale of semileptonic branching

ratios
] +
BR(D'» e o) . (5 + 2.5)%
(9b)
+ +
BR(D e+ ') =(i5.+25)1
. 1,161 .
embrace the whole range of experimental data . Hence we obtain two
. possibilities:
§ = (0.5 + 0.7) (10a)
or & = -(1.5+ 1.3) (10b)

Hereafter the first (second) number quoted in ( s ) intervals corresponds
to the lower (upper) limit in{9%a). Note that in both cases (10a) and (10b)
the value of éf does not substantially change with the variation of
(D) /T (D) .
The interval (10a) being far from the QCD value of 6U =-0.15 is never-

theless within the range of 50% variation of C 1 coefficients around

their QCD values (3). In this connection it i{s worth recalling that the
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combination of effective Hamiltonian with the valence quark model has beer
applied earlier in Ref .[IS]to various nonleptonic decays of K-imesons and
hyperons. A meaningful descriptfon of these decays has been obtained. At
the same time the coefficients of effective Hamiltonian calculated in leac
ing Tog approximation and extrapolated into tne large distance Aregion have
turned out to be uncertain up to ~ 507.

Returning to the estimates of J' note that the interval (10b) is in
better agreement witn the relation (4) if we substitute th.e experimental
nuinver (G). At tne same tiwe at T(%+)/‘t‘(2°)<5 tne values of ;
aetermineud from {8) by means of (7) and.from (4) by reans of (&} already
contradicl each other,

If furcher measurements prove the value of BR (ﬂc" E?J‘o) close
to (6) (now this value is based on elaht events onlytl]), it will mear
that the parameter S determined in the smectator model substantially
differs from tne QCD prediction. Tndeed, (10b) leads to C%:: -(N.1a0 .06
that besides teina much smaller than {3) also corresponds to different
signs of C* and C.

The new data D] allows te choose among two possibilities (10a) and (10b)

more or less definitaly. To do that let us compare the spectator model

rela ion.[?J © =—y40
t BR(D+K"°)
BR (V>Kp")

2
= (0.865) -§~ (11)

{in ~arentheses is the relative phase space factor) with the experimental

numbers [1]: o
0 Wb o
BR(D+K'x =(1.4¢f'34 )

BR(D > Ke') =721 3

10
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The central values corresnond to IS’I = 0.7 . Similarly, the substitution

ot BR(D*+K%) =0.1:9 ans BR{D*K' N x(3.001.01

US|
{the quoted average [1] ) into the analogous relation

BR(2*+KY) _ _ &° (12)
' BR(D°+~K"x") 2:(0.865)

leads to IS’I = 0.2 (aoain for central values).

In Fig.3 the intervals of ISl (with the account of experimcntal errors)
are represented as compared with the (CD-prediction taken with £5(0% varia-
tion. It is seen that the interval ,8, = 0.5 + 0.7 1is in better acreement
with .ther experimental inputs. Of course, large errors make it so far
impossible to clarify whether we can establish any universal value of 5
for all two-body decays. liote that from a purely phenomenoloqical point of
view different values of 5' for different decay types {(e.a. ggp ,Syp
Szv ) are not excluded in the framework of the spectator medel. Neverthe-
less we assume here that the simplest variant of this model works. So we
. take universal 5' = - (0,5 + 0.7} (the sign is in accord with NCD nré-
diction).

e conclude that aciually 8‘ is far from -1, which is the ideal va-
Tue for cancellations in ﬁ+ decay diagrams. Let us show, however, that
the cancellation mechanism in fact works in this "intermediate" case also,
yielding T(%*) > T:(bo) .

For this reason we shall use the simnle =elations that naturally arisetm]
in the spactator approach between nonleptonic and semileptonic widths of
D-mesons. These relations directly foliow from the factorization properties
of quark dirqrams in the SU(3)-Timit . The final expressions obtained in

Ref.[i,c_] contained in some cases incerrect numerical phase space factors.

11




Tt correct relations are the fullowina:

(QST(DK) =085 T(@>Kat) =t T B+Kew)  aw)

(0.55)T(D>K")=(063)[(D+K'7*) =’ T (D>Ke*y) (1w)

(0.5) (%' +K'p") =2 T(D+Ke")x

{1+(L0‘l)5 I"(i)-vK V) (13)
T(2>Ke'v)

here we assume that the <$| K7 and <le ) fornfactors have the
same Sign anu are Q,z -independent; = (2¢, tC. )/3

Combininy (13) with the relations between nonleptonic decay widths that
follow from tne spectator model itselft3 ]we can easily exnress the widths
of ali ﬁ" ZP R VP ’ ZV decay modes in the units of total semi-
leptenic width I'(if-*e*«--) taking into account thattleKe)’{K,éV)
final state makes 55% (39%) of this width. To estimate the parameter Ol l

entering (13) we use (132)

2= 0.55BR(T»K7*)/BR(2"»Ke*y) =0.6+14

at BR(!)o" e+‘*"') = (5 + 2.5)%. Along with § - -{(0.5 + 0.7)
it corresponds to the following phenomenological values of C,‘, and C_

C. =1.7:27

Cy =0.31+0.22

12



Table 1 represents the resulting nonleptonic widths in the units of
P (30" e++ ) . For completeness the corresponding predictions at
O values of Ct as well as the widths of F-nmeson are presented.

If we sum cver the calculated two- anu -uasi-two-body widths {the re-
sulting sums denoted as I‘(i)*ZP, VP, ZV) are given in Table 1) and
ieglect tite rest of %": %o nonleptonic modes, then the following esti-

mate is immediately obtained:

(), T@%2RVR2V)+2 rpes (e
v(2°)  [(D-2BVP2V)+2
(8=-(0.5+0.3))

Tihis estimate indicates that the cancellation mecnanism really works and at
\ o . .
least for T($ )/’t’(b )"'5 the snectator mounl renroduces the experi-

mentsxl situation selfconsistently.

uf course, tae contribution of 2P s VP and 2V mores is far from

saturating the total widths of D-mesons. Indeed, from (12) we have:
BR{D+€"+ ) ~(20+43)7
-}
BR(D > ) ~ (40 +42) %

wiich is more than the quoted values (9b). To restore the ful® cousistence
with experiment the contributiun of neglected nodes into the 2)0 total
widtn must be at the level cof I‘(.Y)°+.VP, 2P,ZV) . Simultanreously .
the analogous contribution to the ﬂ*. total width st also be suppressed.
Such situation may be vell reproduced by the cancellation mechanism due to
quasi-two-body modes that we have igrored, e.q. with scalar or axial mesons
in final state. Tu confimm this conjecture a further careful search for reso-

nant structures 1s needed in three- and four-body final states of D-meson

13



nonleptonic decays.

A few final remarks are to the point.

itaving w-h VP branching ratins at our disposal we can directly test
the relations (13) that link the decays cf different types in spectator mo-

del. Dividina the second equation in (12a) by the second one in (13b) we ob-

BR (D+KT*) _ (4.4)BR(D>Ke")
BR (D'~K'5")  BR(D+K'eh)

tain

independent of any parameter. Tnis last relation is confirmed fairly well by
datdrljprovided taat tie ratio K*EV/KEV = 5.39/0.55[16:., Simulta- |
neously the 'limit[l:l BR(@’*E‘?))US + 40)% BR(Q)f*f—(-%r‘ST") is con-
sistent with (13¢c) if we substitute the same ratio in and choose 54 and
it (2)+)/T($°) as before. From the first equation in (13b) unambiguou*»
1y follows tnet K';D"’ mode of %o is expected at the same level as

K*-JT+ . Finally, we note that {7 * 3)% U]for BR(ﬁo-tK}+)is some-
wi.t higner to confirm (13a). Maybe, this disagreement hints that the con-
stant formfactor apnroximation yielding (13) is too crude and the Qz-de—
rendence is to be accounted.

Hote also that the ?f-meson Jecays may orovide very important informa-
tion., In particular from Table 1 we obtain that T(B-’*)zr{ﬁ)‘ is ex-
pected independent of 5' ~-value.

Qur final conclusion is that the spectator model of charmed meson nonlep-
tonic deczys is viable from the phenomenclogical point of view. It reproduces
the experimental situation in terms of a small number of parameters. However ,

mless the experimental data are substantially improved the model can't ba

+
finally established. In any case, the value of T (3 )/‘[(Z)D) axceeding

!
-

Ly




¢ + 3 seens too nich and unnatural from the point of view of the spectator
anprcacn. iote that quite recently the first direct observation‘-;7] of ra-

° .
ther lona lived ED has been reported.

The author would 1ike to thenk S.V.Esaybeayan, BD.Fakirov and S.Petkov
for useful discussions. This work has been rer“ormed durinn our visit to
the Institute o7 Nuclear Research and - .-clear Energy of Bulnarian Academy

of Sciences. 1 am gratefui to Prof. Ch.Christov and to the members of thecre

“tical laboratory for the kind hospitality.
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Table 1. The widths of two-body nonleptonic decays of D-F-mesons

in the units of total semiieptonic width

T T(D - ete)

Jecay mode
§=-05+0,7 § =-0,I5
Kkt 0,6 + I,I 1.2
& K n® 0,075 + 0,3 0,CI
K 0,02 + 0,08 0,004
Ky’ 0,03 + 0,1 0,006
Kot 0,7 + 1,2 1,3
K’%° 0,09 + 0,3 0,01
K'w 0,09 + 0,3 0,01
K*%° | 0,075+ 0,25 0,01
K¥ac* 0,4 + 0,7 0,8
=Ko
K™ 0,01 + 0,04 0,002
K°¢ o 0
K* ot 0,4+0,8 0,87
Kr°p° 0,05 + 0,2 0,0I
K*w 0,05 + 0,2 0,0I
JU»2PVP2V)| 2,6 + 5,6 4,2
o 0,I5 + 0.1 0,87
K" 0,2 + 0,4 0,99
4t 0,1 + 0,02 0,61
K*%* 0,I'+ 0,07 0,62
T(®>2P,YP,2V)| 0,55 + 0.6 3,1
% . 1G



_Jable 1. {continued) . .

T/D (D% etr:)

Uecay mode

=-005'0,7

3 =-o,Isi

Flrqnt 0,4 40,7 0.7
ata’ 0 .
n'm’ 0,15 + 0,3 0.3
KK 0.I + 0,5 0.02
£ 0,7 + I,I5 1.2

po,wr” 0 0
¢nt 0,35 + 0,6 0.7
ot 0.1 + 0,2 0.2
K“Ko 0,I+0,2 0,02
k’#c K‘I’ 0.2 + 0,5 0'93
pre 0,4 + 0,8 o8
R-“K*+ 0.1 + 0.4 0:02
§'¢’ pw 0 .
T(F2B VPIV)| 2.6 + 53 2.0
A




Q) ()

Fig.1. The spectator type quark diagrams

corresponding to the two- and quasi-two-body

decays D> 1 + 2. The ratio of diagrams (8)/(])

is equal to 5'

:> C:"}z

Fig.2. Thz quark diagram of annihilation type

0
corresponding to % two-body decay.

13
: o STTosThRINER ,A»"‘CS-M?“-I\"N% N ey R AR U S I L S LV L TR T —



¢ Qcp*507

B Ku/Kx*
_F|5| 4 Ko/ Knt
: b K¢/ K

Y

2.0 N K"?'I-/ R*;To

A
.ol
: 1
‘‘‘‘‘‘ g" - T TTTTY
05fp———F — =8 — — ——
-
o
0

Fig.3. The intervals of EY -value extracted
from the experiment in various ways versus (QCD

prediction.
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