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The purpose of this note is to discuss the recent experi-
mental results [1'2] on the charmed D-mesons from the point
of view of "standard" model based on the o-quark deéay dia-
grams[3’6]( see Pig.1 ) .

We shall demonstrate here that this standerd model ,
considsved purely phenomenologically ( with a few necessary
inputs), is in genmeral agreemert with the present experimen-
tal situation, At the same time such a consideration wili
leaq us to the following conclusion, to which we would like
to égll attention: the substantial if noit the maln contribu-~
tion to the total widths of D-mesons seems to come from the
quasi~two-body decaya L-»VP, VV s Where - P (V) is a usu-
al pseudoscalar ( vector) meson., Note, however, that this ‘
conclusion, aa woll as the detelled predictions given below,
are rather qualitative bec;use the uncertainties of ihe
experimental inputs are stlll too larga.

The most interesting expefimental result is the sharp
difference between D* and D°mean lifetimes:




tye/Tpe ~ 3 + 5 (1)

observed recently in a few independent measurements,
In e¥e” - axperiments (1] this result follows from the

measured values of semileptonic ( SL ) branching ratios :
BR(D* e ) = 15 + 20 %

BR(D%» e%-) = 4 +5 %
if one takes into account tiie equality of the absolute SL

{(z)

widths 3
F(D* €)= [(DO ¢*...)

which obviously follows from the isoepin symmetry of the

(3s)( Ve) SIL interaction.

In emulsions and bubble chembers the lifetime difference
has been indicated [21 By direét observation of D-meson tracqe.
Evidently this result means that the well known predic~

tion{3"6]:

' { (muy® -
0= 100 % 5 (T ) rreevn) o

based on the parton-like approximation of the c¢-quark decay
width { with appropriate short-distance corrections in the
weak vertex ) , can be taken only as a very crude, order of
value estimate,

Recall, however, that thls estimate is not an unavoidable
consequence of the standard model. Indeed, this model in its
general formulation ( see e.g. Ref. [6} ) says nothing asbout
the inclﬁsive or total widths, It merely provides us with
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relations between the amplitudes of various exclusive nonlep-
tonic (NL) modes of the same type { with the same multiplicity
and the same set of.]chuantum numbers of the fingl particles)
Therefore the violation of (3) simply means that the par-
ton model of the c-quark decay is unreliable (The relevant
reasons are easlly found: the c~quark mass ie not large anougq
and (or) the quark interaction at lerge distances is esasential)
Returning to the recent experimental results, we note that

the branching ratios of the two-body NL D - decays {113

BR (D% K'%*) = 2,8 £ 0,5 %
BR (D°— K°%) = 2,1 £ 0,9 % (4)
BR (D* - K" = 2,1+ 0,5%

elso disagree with the earlier expectations.

In fact, the absolute widths of these decays in the sian~-
dard model ( i.e., in the SUB-limit of the relevant c-quark
decay diagrams of Fig.1 ) are related as follows [3'5] :

82
F)

T(D%=K°°) = 5 (D'~ Kn")

F(D*~ Kor*) = (1+8)° (D% K'#r*)

Here 8 is the ratio {1b}/{1a} where {1@}({jb} ) denotes
the contribution of diagram in Pig. 1a ( 16 ) to the amplitudes

pf these decays. Recall that
§ = (2ci/c. ~1)/(2¢,/c.+1) |
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where c. (C,) is the coefficient in front of tae sextet
( 15-plet ) part of the quark NL Hamiltonilan [4. - 6] ?

H(aC=1; aS=-1) = 7._(2{ Cost8, 5 {c.[(50)Td)+ (c)&d)] «

(6)
v c.[(Be)(Ed) - (Fe)Ed) )

( & 1s the Permi conmstant, . is the Cabibbo anglo‘ .
(§C]§ gi}p“*ls)f-i " etc, ( sum over color ) ) .

The QCP calculation of €, and C. ( the gluon ex-
changes at émall distances in the weak <four-quark vertex ),
performed in .Ref.Iﬂ s glves c,/c. = +0,361.60, § =- 0,15
which leads to a large discrepancy between relations (5) and
the experimental data (4) , (1) . )

To restore a numerical agreement within experimental
errors we need § = = (1,3 - 1,6 ) 1.0, ¢, /C.= - {( 0,06 &
- 0,12 ). The last value as compared with the QCD prediction
corresponds to much more sextet enhancement in (6) and have
an opposiie sign.

The discussion of such a drastical variation of the

¢, /c. ratio , cranected , as it seems at first sight, with.
cerfain large .distance effects, is out of scope of this papor;;
The only thing which is ﬁportant for us here, is the obv:l.':nwg
fact , that there is one numerical parameter S » Which ~
determines in standard model all relations between the
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amplitudes of WL D-decays of the same type.

For the simplest NL decays , where the number of inde-
pandent quark amuplitudes corresponding to the “standard"
diagrams is smell ( i,e. the number of relations is “migos ) |
the value of 5 may e crucial, Por example, the pettern cf

the D -» 2P decays { their auark ampllitudes are giver in

Table 1 ) looks quite different , dependinz cn this value.

At gSf <€ 1 the total wisdths of 2P decayu are

F(D%+2P) = M(D% K#*) = [(D*~2p) = M(D* = K'R")

. tr 0t s
whereas at B - ~1 the guppresgicn of D = KW  ampiitude
takes place , accompanied with the ennhancement of all ol 2p
amplitudes proporticnal to 3 . in particular,

F(Do-'k-éﬂ'c’) ~ (D% K"%') so that ae 9
F{D%—2p) > (D™= 2P

It is easy to notice that the above-menticned suppressien
of D*— K°m* decay is caused by the cancellatior of
Pig.la snd Fig.1b dilagrams in the limit 5 — =1,

In terms of the SU3 ~ symmeiry , thls cancellation correspcn&s
to the familiar 4 V = 0 aelsction rule{7} which iz true in

the gextet enhancement limit £./c.—0 .

The analogous suppressios will also take place for the
DT —= VYV quasi-two~body decays as compared with the D% — Vv
decays., |

Pinally, the D> yP deceys will be suppressed relative
to the D? — VP decays for the same reason, if the A1 and’

A, querk amplitudes corresponding to the Fig. 1a dlagram
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{ wiearz V ie formed by the upper and lower quark pair
respactively )} are soual and heve the same sign.

Turn now to the many-body RL D~deceys . The corrsgspon-
ding ‘Tstanderd" quark disgrams gre eangily obtained from thoss
in Fig. 1 by adding a necesszry ounber of planar Fq-insertions
(g=u,d,s)between the final quark pairs, The resulting diagrams
tead to the sitwvation , differemnt from the above=discussed ons
for the two- and guagi-two-body dscays in two aspects.

Firat, it turns out that the cancellations at 3 - =1
take place for both D* and DY nearly to the same extent.
Second, the number of independent quark amplitudes bhecomes
large, =0 that the interplay between these amplitudes, rathex
than the vglue of 8 ;, determines the coniributions of many
~body decays into the total widths of D° amd _D* .,

At the same time, it is difficult to imagine that there existy
some special interplay between many~body quark amplitudes,
that makes these contributions eszentially different.

We have checked these general conjectures for the simpledt
( 2nd probably dominant zmong the others ) many=-b.dy FL decays
L — (BP)8 3 (EE)BV , ( s denotes the totally symmetrical
states ) exploiting the relevant guark diagram relations which
have been obtained in Ref. [6] .

Qur final conclusion is that the above-~discussed cancel-
lation mechanism is peculiar to the two- and quasi-two=body
¥L decays only.

Therefore, the following simple explanation of the
observed D? and D* 1lifetime difference arises : if the mai#

contribution into the total width of D° comes from the
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DQ*ZP,VP,VV modes and simultaneously d is close to -1 .
then the analogous D'-~decays are strongly suppressed and
Tyt >> Tpo .

In the rest of this paper we shall present two independent
arguments in support of this hypothesis. In particular, we
shell demonstrate that the contribution of vector mesons into
the final states of NL D-decdys i3 really subsfantial.

1. The general AT = 1 selection rule, which holds for
the Hamiitonian (6) regardless of the sextet enhancement rate
and ( or) the quark diagram relations, leads to the following

relations [6] between D —» (3P)B widths :

(DO (K7r'r)g) = M(D*~ (K%' )g) = Lrr-ker) o

The experimentally measured branching ratios are [11 :

BR( D" — K ar*s® 6,3 + 2,2 %

N
il

BR( D* — KoM*7°® ) = 16,4 + 9,5 % (8)

BR( D* —= K" ) =5,2+1,0%

fi

The obvious discrepancy between Eg.(7) and Eq.(8)
immediately leads to the conclusion that the antisymmetrical
2P-states are essential in these decays. The most probable
sources of such states are the vector mesons due to D%

Ko®, K%° K" #r*; D™= K*om* -R"f" decays. The absence of
any structure in the Dalitz-plots of the final states (8) will
lead to a serious contradiction with the general isospin struc-

ture of the charm changing NL interaction (6).
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2. In the standard model considered here we are able
ta relate D—2P,VP,VV NI decays with D -Kev, Kev SL
decays. These relations follow from the factorizétion of
quark NL(SL) amplitudes corresponding to the Fig,1 (Fig.2)
diagrams in the limit of point-like four-quark{quark-lepton,

interaction (see also Ref. [5] ).
Thus, for example, the factorization of the Fig.la and

Fig.2 diagrams leéds to the following expressions
<DIHESNEA) KarD> = < DIESH K DL ol(ud)m>
<DIEsHY ) KevD = KDUENKDLOl(T e)l evD>

etc. ( We suppose that the sirong interaction effects at

large distances dont influence the factorization propertiss

and manifest themselves only in the variation of ¢, end

€. coefficients relative to their small distance wvalues),

The relevant quark matrix elements in terms of an

invariant amplitudes are:

DIEg (1 §s)sIKD> = RHQNPri) * BPUL-k), (9

<DITY (1+ge)slk™D = Fe (9 Kg mys (10)

OliguttegdIn> = frqp (1)

<°|iZy“+35)°.lf+> gfﬂ" (22)

10




where J° (k) is the four-momentum of D ( K ) meson 3
q = fa-k H Kju and fJ" are the K' and P
polarisation vectors; g -\/-my/{n, ; ﬂr and 1,/{1},
are the - M?Y eand P ~7 constants ( wave func-
tions at the origin ). Vr_in the definition of 'éhp stays
since we deal with p' instead of P° .In Eq.(10) we
have leaved the simplest s-wave kinematical structure,
In our opinion, neglecting the iwo other possible structuroq,
we shall not influence the correct order of value of the
further estimates, _

Prom the factorization properties, using the Eqs,.(9)-
-(12), we obtain the following expressions for the NL and
SL decay amplitudes H

A(D K p*) % Cos’ec“F; g 2-/, P
A(D°~K"p") = ECoszﬁcot F g m“. K}. [
A(D°-K'x") = TCa.sO F £, 5

A(D'_.KF*) = FCos'h oc(zr-;,g,, rSF My ,,)K;;,

£
A —R"%") = & coszooc(ZSF,,g, M fe) K3 22

(13)

A(D°—-K’e‘1’) = A(D"~ R’oeﬁ,) = % COS'B,_ F:Z@ ;Iﬂ“’ls)e

A(D°~K"e™) = A(D*~ K“e*") Cos& ke K S (14 (I:;e?
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The other NI amplitudes are easily obtained from Eq.(13)
by means of the relations given in Table 1 , In Eq.(13} we
have used the following notation &K = 2¢,+¢./3

and the SU3 - approximation:

<Di(es)iK> = <Di(Cu){ x>
<Ol(E] 5= <OIEN >

We also suppose that the relative sign of the two terms in

the A(D'~ VP) expression is determined by the sign of

§ .

The £qs. (13) lead to the relations between NL and SL
widths if one neglects the q2— dependence of the F form-
factors. In fact, the expected behaviour of these formfactors
is (g2 - mgﬁ )~ where mp¥~ 2 GeV is the F'-meson mass.

Here are these relations :
0,5 F(D°+Kp’) = 0,551 (D°~Knr") = ox*[(D°»K'e"v)

IR Oy Ut = 2 oK ats
0.6T(D°~K'p") = 0,26 M(D°~K"n") = x*I(D%K'E")
1,34N(D=K) _ 4.120(0=R") | o 2r(piiey)

. [ 2 = . F, 2
(1 SF’osz) (5 -F-:_;o,az)

Beslides that, from Eq.(14) we have

1 - 43 \/ [(D% K" e")
v P
]F:| (D% Ke™) 16)
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To obtain Eqs.{15) and (16) we have used the foliowing

valuez of parameters entering Ega.(13),(id): {5 = Mg,
4/ ;23}':’ = 0,44 ( gf?, = 0,16 %eV™) , Je have also

neglected the ?'p contribution into the firsti of =2gs, (13)
since the coefficient in front of it is numerically small.
According to ithe available experimental data [1] s the
Kev (K.el) ) final states represent =t 55% ( 39 #) of the
SL decays and the fraction of the mzny-body SU decays ( D —
KfrereV) is negligible.Note that this last circumstance
itcelf supportes the idea of two- and quassi~-two-body dominance
in the NI decays,if one believes in the factorization links
ietween SL and NL decays.,
By means of the sbove-mentioned data, from £q. (15) we
are able to estimate
2 _ 1 BR{(D°~K'%")

& = = 0508
2 BR(D°-Kev)

x

and then ( using 8 =- (1,3 ~ 1,6), Egqs. (15),(16/ and the
secc . column of Table 1 ) to calculate all D-2P,VP,VV
widths in the units of the total SL width P(Do-' e+'---) =
2F(Do"K ev) « The obtained values are presented in the third
column of Table 1, For completeness we also present there
the analogous estimates for the FY-meson.

In the fourth column of Table 1 the corresponding QCD
predictions are given ( calculated in the same way at €, =
20,7, €. =1,9 1.e. & =-~0,15, &= 1,2 ).

If we neglect all many-body NL modes and sum over cal-

.culated two~ and gquasi-two~body widths, ( the resulting sums
| 13




denoctsd as (D — PP, VP, ¥V ) are givsen in Table 1 } ther the

eztimates of the lifetime ratior ave sasily obiainaedg

]

followin;

o

R

T Os PR VRVV)+2
Ty T(D L6 a6 (16)

Too (D" PP, VP, V)42

and, similariy, %ss/ Tpe = 1,5~ 1,6 ( 4.5 ) at &

. 2 . 2
s m (1,3 -1,6) 5 0 = 0,5~ 0,8 (8= ~0,15 ; X* 21,2

\

o

>

.
Phase estimates al: w to clarify the origin of the iifetime
differences, )

Thus, we have demonatreted that the "“etandard " gueark
model of c-quark decay diagrars is reslly in qualitetive
agreement with the present experimsntel situztion. No annini-~
letion diagrems { e.,g, aa in Ref, i&j ) ere neaded to be in-
voked, { Recall that thf F¥' 3y, F'n' wa and pP ﬁk-o, KUROR.O
modes 8%ill remain [5'5‘ sn eagy and medel-independent "indi-
cators" of the anninilation diagrams ) .

At the same time, various periurovstion thecory calculations '

{partorn model, one-gluon exchanges in QCD ) in the framework
of standard model ssems to be unreliabls,

We predict e substantial contribuiisn of vesctor mesons
into the finel NI states. Their absence will be crucial not
cnly for the standard model but siso for {ie generel isospin
gtructure of the WL iateraction.

In Ref. [6] 1t was noticed that et small values of O
an anhencement of Cabibbo suppressed decays with AS= 0 is
posaible relative to the main decays with AS=-1, which have
proportional to 3 gmplitudes, Towever, at S = «1 the ori-

ginal Cabibbo hierarchy is generally restored .Apart from that,
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due to the same cancellation me'chanism, the majority of the
two- and quasi-two-body D-decays with AS=0'will be suppressel
relative to the analogous Do-decays. The only exceptions are
the 'D’-' f't? . P‘?' deceys. Their amplitudes do mot cancel in
the O — -1 limit . Thue, the detection of D'~ f?? decay at
the level of Cabibbo favoured p* decays ( tke D' - fﬁz' decay
has too small phase space) might be a serious argument in Pa-
vour of the cancellation mechanism,

In conclusion we note that the diagram cancellation mechaj
nism was assumed to be in Ref. [9] , but there this mecha-
nism was assumed to be applied tc all many-body (inclusive)
decays.

One of us (A,Yu.,Khodjamirian) is grateful to V.A.Novikov,

L.B.Okun',and M.A.Shifman for useful discussions and comments.
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Teble-1 , The amplitudes and widths of two-

and quasl-two-body NL decays of charmed mesons.

R3A, 5B (84504, ,; 3B ) denote the contribu -
] [ ]

tions of Pig.1a (Fig.1b) diagrams into the D,P =+

PP,VP,VV decay amplitudes respectively . (The

other notations see in the text).

/(D% e*--)

: , $ =-(1,3 % 1,6) $ =-0,15
Mode Amplitude o(2= 0,8 20,5 ot2=1,2
a b c a
D% K 1t A 0,8 = 0,5 1,2
K°#® % A 0,7 + 0,6 0,01
K’y %A 0,20 + 0,18 0,002
Xn' A 0,30 + 0,27 0,003
K 7- 5 |
K A, 0,90 + 0,55 1,3
oke | & . i
l(o & A, 1,25 + 1,20 0,02 !
w K 5_5 A, 1,25 + 1,20 0,02
K" % A, 0,60 + 0,55 0,01
K" A, 1,2 + 0,75 1,8
7o s .
K™ 3 A 0,10 + 0,11 0,002
¢ K° 0 0 o
P’K" s B 1,95 = 1,2 2,9
oy o . :
poK G 8 1,65 = 1,55 0,03
wk™ ;s,;- B 1,65 = 1,55 0,03
: 12 11,0
F(D* - PP.PV,VV) »3 2 1% 743




Pable 1 {(continued)

a b e a

D*- K%#* (1+8)A 0,1 + 0,2 0,87

P‘Ro A+ OA, 0,1 & 0,15 0,34

K*%'| 8A;* Ay 0,01 + 0,05 0,60

K*op' (1+8)8 0,2 = 0,4 2,1

r(D*- PP,PV,VY) 0,4 = 0,8 3,9

F- ’2’7+ '\/—%.A 0,49 + 0,37 0,73
n'n® 0 0 0

12'1:* J% A 0,2 4+ 0,1 0,3

KK°| S A 1,18 & 1,1 0,02

2 "\/:'%At 0,9 & 0,5 1,2
4/ I o

& #* A, 1,0 % 0,7 1,6

[ \745 A, 0,14 + 0,09 0,2

a K**K® $A, 2,1 + 2,0 0,04

K*°K* 8A1 154 = 1,3 0,03

C(F*=pp,PV, W) T,5 & 6,1 115
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< s < Py . L
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o < —
G(d) | a(d)

(a) (b)

Fig.1 The quark diagrams corfesponding to ths two~

and quesi-two-body decays of D°( D* )-mesonm,

€

D%D?)

ud)

¥ig.2 The quark disgram corresponding toc the 3L

decays of D%( D¥) -meson,
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