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Abstract

Weak decays of charmed mesons are considered. We propose a new
quantitative framework for theoretical analysis of nonleptonic two-
body decays based on the QCD aum rules, This is the first of a
series of papers devoted to the aubject. We discuss theoretical
foundations of the spproach emsuring model-independent predictions
for the paxtiml decay widths.
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1. Introduction

Starting from 1976 when charmed perticles ware discovered[1]
and till present days the weak exclusive decays of charmed mesons
attract interest of both theorists and experimentalists., Experimen-
tally, large number of partial decay widths has been measured, and
the efforts in this direction continue. Thus, a recent experimentEZ]
of MARK III group has yielded & set of data essentially differing
from previous results[B] Comparing [2]3nd and results of other
groups (see, e.g., the review[{bwe see that the situation is not
quite settled, the‘numbersbrgath. At the same time one can hardly
expect drastic changes in the general picture comprising « 50
decay channels.

‘ With such an array of apparently disconnected data the need
in theoretical interpretation becomes extremely acute. 4dre we able
to understand the results theoretically? What .s ever more impor-
tant, can we learn something new about weak or strong interactions?
Ever since 1976 the weak exc1u31ve decays of D- and F-mesons have
been a continuous challengeto the theory,

We will try to demonstrate that the answer to the first quest-
ion is posiiive. In this paper we develop an approach allowing one
to analyse the majority of D- and F-meson deceys in two pseudosca-
lars and one péeudoscslar plus one vector. (The set of decay modes
to be cons.dered is given in the Table, altogether about 50 modes).
Our approach is based on QCD sum rules[S]. The predictions for the
partial ﬁidths will be practically model-independent (the estima-
ted uncertainty in decay rastes reduces to a factor a 1.5).

As for the second quesiion, unfortunately, we must confess

that the analysis adds rather little to what is already lmowrn in
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QCD, Starting from the already developed picture of the QCD vacuum
we éimply explain peculiarities of the exclusive decays, reproduc-
ing experimental numbers with reasonable accurac#. Perhaps, the
most important lesson is confirmation of the essential role of
soft gluons, the observation made previously (see, e.g. [17' 1q]).

We start from a brief historical survey which will introduce
us into a theoretical "kitchen™ and will serve as & reference point
in our constructions.

The first works (e,g., ref.[ﬁj) published even prior to disco-
very of open charm exploited, in essence, & naive spectator model;
at those days the charmed-quark mass m, was believed to be large
enough. It became clear soon, however, that the corresponding pre-
dictions were in sharp disagreement with the data (see, e.g.

Sect,. 3.5 of the review paper[7]), and pre-asymptotic effects of
different nature must play an essential role.

There exigts & variety of models intended for the description
of the weak non-leptonic decays of D- and F-mesons., They can be
grduped in & few classes by the preference given to this or that
preasymptotic effect. Let us catalogue here some popular schemes:
(a) Spectator mechanlsm[§ ; (b) QCD corrections to the coeffici-
ents iq Hw_beyond the leading log approximation[g]; (c) Final state
interactions 1CJ; (d) Non-spectator diagram dominance (annihilat-
ion mechanism) [11'15]; (e) Emission of perturbative gluons [16°19] :
(f) Attempts to account for non-perturbative gluons[ﬁ7’2°’21'4£ﬂ;

(g) Phenomenoclogical modifications of the spectator mndelléz 23]
(h) Interference effects [24' 41, 42] (i) LOw-energy lagrangians for

mesonoc fields (e.g.,[25 43 ); (j) SU(3) symmetry predictions, in
particular, sextet domlnance[?s 2%] (k) Fitting the mixing angles

in the Kobayashi-Maskawa matrix [3 J(for experimental values see,



[31,32,45]

{m) Constituent versus current quarks[33]; (n) 1/Nc expansion PB’

24] .

however, refs. [46'48]); (1) Penguin diagram dominance

The naive spectator model - historically the first - emorged
as a natural successor to the model used in the strange particle
decays. It assumes that D or T decay proceeds as if the c-quark is
free and the trensition is not affected by the light spectator
quark. The width of the two-particle decay is determined by the
graph of Pig.la which is treated within the factorization hypothe-
sig. To iliustrate the approach, consider D' Ep%.r channel.
The amplitude is given by C'D //"/k'/]z y[)wl’ere H igs the eflec-
tive Ac-ri hamiltonian [3)_Lm,hldlng the hard gluon exchanges;

we assume standard GLH scheme [P for s-d mixing and om: b,t effectss
HW @JG lc,s (3 [/M;}MJ,Y/H@)J +(,S 3/ //hy)q/V‘) Js_/)

o =o/c&§9+5&4;w,§ S=scesB-d s 8 (1)

Cy (CptC ) ¢ = / + »)

C = ( s ! )‘//e 4.
(DLS{M} /57c+ T

Here m, = 1.35 GeV, my = 80 GeV are the masses of the c-quark ani

:\:02.{( ={,49¢=-428(2)

W boson, @ = 13° i5 the Cabibbo angle, Gy is the Ferm. coupling
constant, b = 25/3 is the coefficient in the Gell-kimnn-Low funci-

ien,

2
oLs (0°) = T )
Yyt
For the QCD scale paramcter A in eq.(3} we accept /\ = 100 lleV,

in accordance witi: the modern data [36]. (Notice that in previous
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analyses of weak decays 8 much larger value, /A~ 500 MeV, was

popular); For the DL K °nt amplitude we get
MID"™ R30)= iy Cp ook 0f G <y e Yot ) o s
*,7) . PN .
R T ey
(2SI Gt )l 1SR ) 0
€2 < [& Y (11 ¥c)eIntSs v 59, =5 .
4 5') 10 >Li ls'd;{lf};—)/'/ﬂ): (4)

= _L. G 2 ¢ X
5 Cpcet 9{(@_* ‘/3).[; _(;[-(-{Qfe.t/g){rlf‘}[‘im:")

where my, is the DY xhas,s, :

< Xp)1gt 10>t (5
PIE RIS T

-0 -t > g‘
KA1 e 100 ) i
/ALY B

Neglecting the SU(3) symmetry breaking and light-meson masses (in .
this limit ‘{ﬂ.’ = ‘FK = 133 MeV) we arrive at

M (D% £, - im% 2_px
" E -k G etol T $lare)

¢
The constant .[,, has been determined by virtue of the QCD sum

rules in ref. [37], _’;K = 0.5%0, 1., Then
Be (p*=E%7) -~ €/, @)
. )

a factor 2.5 higher thon the experimental number. Even a larger

discrepancy between thé spectator model and experiment emerges



in the ratio

o = HOZEZY oo (g 3 -2
%t /—/DO_’K'%'I‘) -2 9/24(;1‘@. )

(while mg&wofr 0.35+0.1). Tc eliminate the dis Prenancy some

auifhors invoke final state interaclions (e.g.,[ “J) which, on the

contrary, overestimates the ratio, DLQ fest A’og, . The recent

p.

g . [a*
discovery of the /2 s Fé acay with 1% Dran“uLng ravi A3

7w

8ls0o in a sharp contradicticn with the gspectator model yieslding

N ts _ - 4 A2 N . .
Tor tkis branching ratio ~10 "%, Thus, the speciator model and

7

its simple modifications canuct degeribe two-pariicle deceys ¢f

i)

U and ¥ mesons even in & rough approximation.

Still, we dwell here on the speciator model keeping in mind
that below we will use it as a reference point. The spectztor mo-
del {(to be referrcd below as the standard model) gives a conveni-
ent and relatively simple and transparent languave, since it allcws
cne to discuss cther modela and mechanisms in terms of deviations
frem the standard model. Just these deviaiions will be the main
subject of analysis in the present work.

Notice that the factorization property in the ritrix element
like < 2 %l#;,{/.l’K> is intensively exploited in the theoxy
of non-leptonic decays of sirange particlesESQ]where it seems to
work with a satisfactory accurccy. In description of the strange
particls decays factorization is, at least, compatible with the
soft pion ;echnique[jg]; this fact might serve mas a justification.
Anslogous arguments based on the small energy release and PCAC

show tnat one can neglect the final stete interactions in the

kaon and hyperon non-leptonic decays, For charmed mesons the ener-

gy releagse is relatively large ( ~1 GeV) and these approximations



are nc more reliable,

Critical analysis of all later models aimed at improving the
standard model is beyond the scope of this paper. The general
conclusion can be summarized in a few words: soft gluons (and/or
quark pairs) should play an essential role in the two-particle
amplitudes. The inclusive D and P decays are not exhausted by
simplest quark graphs. Especiélly instructive in this respect is
ref.[19]which stimulated.muoh works in the field. Unfortunately,
in the quantitative aspect the approaches developed so far suffer
from a common drawback: the sbsence of the direct relation to the
fundamental QCD, Some of them are motivated by QCD but still use
additional assumptions. Therefore, one cannot say bei’orhanq whe- -
ther or not approximations made are reliahble, whether or not the
accepted velues of parameters are reascnable, one cannot estimate
theoretically (with no comparison with experiment) accuracy of the
predictions.

Qur aim is to develop a new approach tending to avoid model
dependenge or, at least, minimize it drastically. As has been
already mentioned, the approach is based on the QCD sum ru.les[5 ] .
(for an extensive review see [50]); conceptually it is close in
spirit to the method used in ref. [55] for the analysis of hyperon
decays. It'will allow us to consider within a unified scheme all

transitions

D—’PP ' (10)

D-py an



FrppP
(12)

F—» PV
(13)

xhere P"—' 0?:, r.f 2 stand for the Goldstone meson and l/ is =a
generic notation for vector mesons, f . Q ' A}‘FK’?

The paper is organized &s follows. In Sec.Z2 we formulaie the
problem in terms sulitable for the sum rule method. In Sec.3 a
general form of fhe sum rules for wesk two-partical smplitudes i~
established. Sec,4 demonstrates that the sum rules cen be writicn
down directly for the differsnce m-mf, where M is the total ampli-~
tude while Hf refers to the factorizeble part. Basi~s results are

swmarized in Sec.b5.

2« Outlining the Problen

The following four-point amplitude will play the basic role
in our analysis:
Qx+gY
nf!" . [?,7—?'!"2 -, - .
cwldy 8, %) dm’ga/w( T{J&,yj@y{x)/ Jp™) //w(z/] ), (18

Heru jD ’ jA . ;jB are the querk currents producing the correspo..d-

ing mesons from the vacunum, for instance

dbo = e Xl JD":‘.CKI"J (15)
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J.F* = iTHS (16)

Hy is the weak &C=4 hamiltonian (see eq.(1)). The four-point
function (14) is depicted in Pig.2 where the shaded blob denotes
the weak decay amplitude of the chermed meson into two light me-

gons - A4 and B.
To avoid direct instantons[sz]we uge for light pseudoscalars

. axjial-vector, not pseudoscalar currentas,

J.”-:f: a:rgl/, J’r'=Ié(‘?a;r§'”~J(”J:_J)’JJ'Z-=‘;”J}J 17)

for pions, and

I1>S%Ldc4, 4r0=5 «rffs“/, e = A0S (18)
for kaons. This has another advantage -~ all amplitudes (10)-(13)
can actually be treated simultaneously. A small octet—singlet
mixing for pseudoscalars (i.e. Z‘ - 98)' is neglected, s« that
the currents producing $ 2' are

: — Yl T 3 .. U0 de
J2 - Uk th;*d 46‘4‘25{48’5_5 ' “44”‘?;{“%‘5(19)
K

3 29"

Por vector mesonms, ¢ , (* ,h.);¢ we use

/

Jg-tax,./ d;,-’vl'-‘?;( 0;’(—;-6;4/1!?: b;(_c (20)
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,/'K*_,= SUau, ‘4';,.,=§X4q'/ J"(-*an,”s (21)
duw =5 (CSurd 8 d) 299
e

Ip= S%S

. The chiral limit, ¥l =My =g =0 is assumed throughout the
wofk. This mgsumption simplifies computations. 411 Goldstone me-
soms, 7t , K | 2 , have vanishing masses and their residues
are determined by a common constant, '[;t = 133 MeV., In the chi-
ral limit all vector mesons also have & common mass, coinciding
with thet of the g ’ M’g = 0.78 GeV. Their residues canl be
expressed in terms of -{‘g by virtue of the SU(B)flavour symmetry.

Here

<8(p)lay, dioo~ '[g we €. (p); (24)

nﬁmerically .[,2200 MeV . (Experimentally {9 is measurable in
€ % ete” ) Furthermore, eﬂ is the§-meson polarization vector.
In the case of 2 ’ mesan we use fz/-‘-‘:wo MeV[53l "‘2, = 0.95 GeV
(in this channel there is no massless particle in the chiral
limit)., |

As has been noted above, & characteristic feat.u.re of our ap-
proach is the possibility to formulate predictions for the ampli-
tudes directly for the deviations from the factorized values. 4
systematic discussion of this point will be given later, and
herewe only sketch the basic idea.»

There are three "skelelon" diagrams which determine the
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| four-point function (14). They are depicted in Figs.3a,b,c. (Actu-
8l graphs are obtained from the skeleton disgrams but cutting off
some s0lid line and/or adding gluon exchange {see, e.g. Fig.3d).

The graphs in Fig.3b,c¢ correspond to the spectator mechanism
(factorization is not essumed, however) while the diagram 3a cor-
regsponds to the so celled annihilation mechanism,

Consider, for instance, the diagram 3d which, within our ap-
proach, is relevant to the suvm rules for the [)€9£?°¢ decay. In
the quark language one can interprete the graph as follows: in
the initial D° meson &~ quark emits & soft [non-perturbative)
gluon; as a result of weak interaction there emerge two light
quarks, S and q/_ , one of them anninilates the soft gluon emi-
tted by § ; the final quarks combine to produce K and @ . We
treat the diagrsm by virtue of a "refined duality™ of the QUUCD sunm
rules, and in this way obtain & calculational scheme allowing us
to reliably estimate (under theoretical contrcl) the effects of
soft gluon (or quark) emission. The scheme is very similar to the
aoriginal sum rules[s-. The only nan-technical additional difficul-
ty is a contamination of the phenomenological part of the sum rules
by some "parasitic”" contributions which enter with no exponential
suppression (see below).

Relative weights of diagrams 3s,b,c are different in each
particular decay mode, and combination of these factors results
in a rich and peculiar hierarchy of amplitudes.

_Let us discuss now to which extent the approximations accep-
ted above are adequate.

Chiral corrections due to m_#0 and <SSZ-<a«%3 D are of two
types. In the theoretical part they are of order mS/mc-'\--‘IO"l .

Begides that, in the phenomenological part one must substitute
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= 1 2
el R N7 (25)

2
W/”#A,/t). (26)

As we shall see below, the charecteristic value of M'2 is of order
- 1 GeV® and both effects are expected to be &L 10% at least in the |
process with one s quark in the final state. We will neglect them.
With two s-quarks in the final state chiral corrections may be a
factor of two larger. SU(B)f:L violating effects may be most noti-
ceeble in the phese space, and here we, of course, will take them

into account.

3. Description of the lMethod

Following the standard procedure[s]we write down a double dis-
persion relation for each invariant smplitude in the four-point

function (14): ‘
: . Fp ]
tHoraly) = ff Sas5, 8745 ds
(s-8,)1s'-8")

Here Q‘,Q2 and q are the momenta of the virtuel D meson and quark

+ (subtraction terms) (27)

currents producing D and A mesons, respectively.

Furthermore, the phenomenoclogical part (r.h.s.) of the sum
rules (27) is saturated by resonances, (while the thecretical part
is calculated with the aid of OPE in the domain Qf,Qg,qzav -1 GeV?,
when, on one hand, QCL is still applicable, and on the other hand,
effects due to non-trivial vacuum structure are quite noticeable.

Technically, the procedure is more labour=-consuming than in

popular model formulated direcctly in physical (liinkowski) space,

Indeed, we work in the cuclidean domain of momenta, and have to
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put additional efforts to extrapolate the results to the physical
domain., The procedure turns out to be less transparent. As & re-
ward, we get the possibility of reliable calculations, not just
rough estimate, of non-perturbative effects.

As we shall see below, the characteristic vsluesz of moments,
both external and virtual, are aboui =i GeV2 . This means thati we
cen indeed use the effective hamiltonian (1) with only hard gluon
exchanges included C+, C_ o« The igsue of relatively soit gluons in

e

treai C as constants indicated

+? U=

(@]

Hy does not arise, and we can
in eq.(2).

The next stepis the choice of an appropriate kinematic struc-
ture in the four-point function (14). The general decomposition of

/279 is as follows

o) AV Y g a J 4 et
/7’“}/%' %)%= 7[; i *[33 &, *'fg ?g ™y g/’g""f— &, ‘Qeu (28

(Here we have taken into account that Q1 = Q2 + q S0 that there
ere only two independent momenta). In the case of D —” PPand

P —»PP the relevant structure is, evidently, g"&&ij since th
matrix elements < 9} J.A,B /p> are proportionail to the moments of
the pseudoscalar mesons at hand. For the decays D-* PV, F—» PV the
relevant structure can be found from two requirements; first, it
should contsin the pseudoscalar meson momentum Er’? ; second,
it should be in correspondence with the form of the amplitude

M(p— ry)=Ceq

(29)
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where @ is the polarization vector of V, C is some constant. As

a consequence, the structure of interest is
4y K %f‘@)}/%,%,%) (30)

where g is the invariant amplitude.
On the other hand, /Z“, defined in eq.(14) must be trans-

versal

2 " (31)

up to commutater +terms which are irrelevant, however, to vector-
meson contribution (the commutater terms correspond to those pie~
~ces in the r.h.s., which have no vector-meson pole. This contri-
bution in the sum rules is expected to be negligible, ‘see below).
Thefefore, it is sufficient to consider Just the same structure,

37@_» s 83 in the D —» PP case. Knowing the coefficient in
front of g"'rﬂ“” we readily reconstruct g Tiguring in eq. (30)
by virtue of the condition (31). All further analysis will refer
Just to this structure.

Discussion of calculational details in the theoretical part
is suspended till the next paper. Here we dwell on two general
remarks.

In the operator expansion we will keep only operators with
dimensicn o/$6, resuliing in the following v.e.v.'s: (6¢>o
Z¥P¥20 . < FG.'J'K“/ ¥, , ol <¥7“)é , and the unit
operator I- o Dim 7 and higher operators in our conditions are
inessential - ihis can be checked by an explicit estimate. All
coefficients in the OPE will be calculated in the leading (non-

vanishing) order in oLe
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The version of the sum rules we will use 1s cloge in spirit
to the variant exploited in refs. [51'54555} for determination of
baryon magnetic moments, charge radii and other analogous charac-
teristics. Indeed, in the both cases one must switch on an exter-
nal (with respect to QCD) interaction - electromagnetic in ref. [.54]
and Hw in the case at hand. Technically, the treatment of weak de-
cays of charmed mesons is more complicated than, say, the problem
of the pion charge radius, since the number of the particles in-
volved in the process is larger. Fortunately, one aspect is, on the
contrary, s mplcr. Unhke ref. [51 54, 55] ther: is no need for us
to introduce new (induced) vacuum condensates (for instance, in
ref. ["Ai]a vacuum magnetic susceptibility in the external electro-
magnetic field has been introduced).

Let us elucidate the assertion in more detail. Fig.4a dis-
plays the amplitude for the theoretical part of the sum rules in
the problem of the pion charge radius. The momentum flowing in the
electromagnetic current is assumed to be small. Formally, an exter-
nel field f,p is introduced and the correlator < T [ J;z {,y/ d;'/‘?b(,
is considered in the linear in F,«,;) approximation. In this kine-
matics the quark'lines marited by shadded bloblis can be almost on
the would-be mass shell, We are unable to calculate the correspond-
ing effect and parametrize it by a new v.e.v., (7?6;‘, ,425”’ .
cutting off all soft lines (Fig.4b).

It seems at first sight that the situation with weak decays
is quite analogous. The weak hamiltonian brings no momentum (Figs.
2,3). This means that all lines attached to H‘V cail be Ygofi" in
the sense that @ ~ 0 . Then light quarks are indeed close to the
mass shell; however, the off -shellness of thg c-quark is large,

2 ot
| A PY = AN o« Therefore, with respect to the c-quark the per-
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turbative decsription is epplicaeble and hence there is no discon~-
nected block, isolated from the hard part of the diagram (as in
Fig.4b). The corresponding non-perturbative contribution is depic-
ted, for instance, in Fig.4c - it reduces to <f€rf73>% , N0 new
V.2.V, 18 necessary.

In this respect the analysis of week decays of, say, kaons
would be different, since for keons (if they are treated within the
sum rule method) ocne could not avoid introducing new induced v.e.v.'s
reflecting soft interactions with an auxiliary extermal field, k,

Lok =hhy = -

Let us turn now to the phenomenological part of the sum rules.
It can be represented as a sum of diagrams depicted in Figs.5a-d.
Various pieceg here describe different options., Pig.5a gives a
three-resonance piece containing the decay am;litude of interest

(we denote it by T)

2 2 2 ” ro’
L, 8) T’[”f"’c’ il +335 Tonj 1‘:/.:-/; (32)

o . 2 49
Here ¢ 0/ € X I0°Ds fp B lime fo =10 wev 9],
and ,;A).[Bstand for the residues of A and B into the corresponding

currents, my is the B particle mass (mA = 0 in the chiral limit).
The second term in eg.(32) corresponds to higher-resonance contri-
bution. Mere exactly, its interpretation is: the current e/;j
produces the k—th excitation which decays to j-th and n-th states
annihilated by the carrents Ipe g

Apart from the diagram 5a in saturating the r.h.s. one must
take into account the graphs depicted in Fig. Sb,c,d. They yield
one-pole terms deacribing non-diagonal transitions in the sum ru-

les for correlation functions in the external field 153'551, see
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&lso Fig.6 where we have displayed for comparison anelogous graphs
for the proton-proton transition in the axial field). Figs.5 b-d
reprcsent a contamination, a8 Yparasitic" background with respect
to the amplitude of interest (Fig.Sa). Cur method will be reliable
only if the background is nct lerge, say, dces not exceed 2C-3C%.
Then, even a rough esiimate of the background contribution, valid
up te a factor of 2, will resuit in & tolerable error { ~ 1C%} in
the egstimetes of the decay amplitudes.

For an approximate estimate of the contamination due to the
diagrans 5 b-d we will invoke & simplest pcle model (Figs. Ta,b).

Then we get for the diagram 5b

For8/ ﬂ.z )= 2 T, / Liae T/:‘PFB 7[@ m%/”‘-'
d g
Mm)('a "”B)DL""’J/g (33)
~t 2 7 /l}(‘q T("/‘ 7l>
119}.:;(,' E /ial “M:‘)ZQ;—MK/(/‘QJ{'M:///?im.;’./;

Here j is an intermediste state contaning nc heavy quark £nd

docaying to A and B by virtue of the sirong interaciion, Z;‘fiﬁﬁb@;é
= . = 1 A « - S .
T jofi H /(} > ; Tjks is the strong decay amplitude kg

m ,Lk,u‘ denote the masses of the corresponding states, The diagranm

5¢ reduces to
£, /Qli@-’ )= 2 0::‘/4 7(:47[8117 b/
g wf—%)@—mu/ﬂz e
4'f;? ‘ 77 : Z;z 174[ '[
YG%S g e N8~ ) (8205
Here T =< )| M kD v e =<y [ Ml P Tsy

is the amplitude of the strong transition of the state i (produ-

(34)

ced by j, ) to a state j (containing c-quark) and a light partic-
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In eqs,(33),(34) tHe pieces corresponding to the transition
D - AB and to thoss with\higher resonances are written out separa-
tely.

The basic sum rule takes ithe form

Ligy g, g,/ R4 g B el g SR 8 s )

whare i; is the theoretical part, Fi (i = 1-4; are the functions

7
which come from Figs.H a-d, respectively. Fig.5d dves not depend on

2
and W; simultesneously.

f

- 2
iet us proceed now in the euclidean comain, & —ﬁ"& ‘*'% )

ol
& « To suppress higiier resonances in the r,1.s,.

. . . ~ {56
cf €3.135) we apply the double Borel tramsformaticn, &s in ref 1
b

é ”5" {/Q‘} 2‘,‘:‘ &].Z)z -I% M M"Q /”r\ ¢"5l "[
"2 4
.,.j-‘.‘;_aoo /H_‘)//‘!‘/)/ { & /’
gz.ﬂ-*oﬂ a/ﬂ
2!i 2 3

(3¢}
) 2,) du s niad)

It is instructive to mnotice that the spectral density in eq.(28)
is actually a sum of spectral densities emerging from graphs of
Fig.5 which results in & veriety of thresholds and different con-
tinuum structures in the sum rules,

The double Borel trangformation kills the one-pole contribut-

ion of Fig.5d. For the function F, we obtain

Fe m9% = Tw.,ﬁ,a», g &

. (37)
+ T xh} I{['{} efnnngt -.nqe//la_ 7

“ud { @'4im ‘)

B T
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The Borel transform of F2 tekes the form

2 ,.,‘
LMt e 2 Toy Ty Y4 fete "2hae ;" Tl “f” "‘/h)

Q.Z o2 2
0"y (38)
*Z ) “ngzfs . ol
IES e et )
(8% im ) 3
m-—ml
ind, *nal.Ly, the Borel transform of F Fs is
l
2 .,/ S . ] M., Z
FA/M,M/,QZ/".Z _IJM ,;eﬁ;f,g,tf-p T 42 g
4 2z € (e G- gt
< 2 2 ( )/'7‘
s —im 3s
'm:/‘f 2 e
tZ “[{S Tt i)
4

One can easily see that each of the terms in eqs.(38),(39) is =
sum of two pieces., The firat piece is proportional to e‘o,p(- n/”y
- (- ms/ml’) (it emerges after contraction of the pole due
to the intermediate state, in Fig.5c). Quite evidently, this piece

merely rencrmalizes the genuine weak decay emplitude. The second

piece, just the most dangerous, contains W[-M,#)m{- Z/ﬁ.e)
r €obw [—m“/yd)w-‘“ /,q Z) and appears due to cont-
raction of the poles associated with :jD ar J'.\ « It has no exponen-
tial suppression in (MD/M ), in contradistinction with the normal
gituation (cf., e.g, ref.[slor recent works in external fields
[53'54]). This is the may:r shortcoming of our method in the prob-
lemat hand. Here we have 10 rely on suppression by powers of Iﬂsz

and numerical smallness.

Kow we can represent the sum (37)-(39) in the following way

2 10'% 2,
ﬁr/M, M, 8)=K, [H,‘H:zg‘yf-ka (mly' e K, /,5;,";7 (40



19
where the first term K, corresponds to the amplitude we are look-
ing for, the second term K2 corresponds to the contribution of the
diagrams in which the queark currents jD or :jB create intermediate
havier than D or B; the third 1|;erm, KB’ corresponds to the diagrams
where the pole due %o D or B mesons is absent, In other words, K3
is generated bj “wrong” cuttings (cuttings over intermediate states
contaminating *he sum rules for instance, K7 intermediste state

in the jp channel). More e¢xactly,

2
i / / e ‘fg 75 ;"_.‘;. + W %w. i

4

where T is the amplitude of Y —» AB decay.
K (3100 = = 3 3 T, LA e-"'v/z .

..1'12/ ) (ﬂ+m/} *
+2— e xﬁlé-m,%qg (42) R
T, I -l :
e (& w2xs 5 Ty Gukhde Mo
*MS)/M I ) s (91} el JfQ% ] )]

We will take into account the K2 contnbutlon in the framework of
the standard continuum mdel[s’ 57]. As for the function KB’ its
vappearance iz most unpleasant and brings in the major theoretical
unc.ertainty. It corresponds to the contribution of the diagrans
where the pole connected with particles created by 'jD or JB’ is

contracted into the point., Somewhat symbolically,
K o). s -[ _/‘ "'s/ﬂ- st
3”"1"’,‘2/ 5 DJ Tiae fe -—L (4 /"

-2 7;'.)' Liws £ 7[1( "'/‘4’4 'M"/"”s

i (8% serl o S 2t (43) " z«
- - M) 72
yi —%— A ;smﬂnf;f; ik o J_gl s Ll €
"‘ﬂ
«e) LT (8wt ) i om
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It is easy to see that the second term in eq.(43) is strongiy ex-
ponentially supbressed because the intermediete state i here con-
tains heavy c-quark (thus, w 2m, Sy ), On the other hand,
the first term in eq.(43) is suppressed much weaker than "normallyy
it contains a factor@dkp(- "f/ﬂ%mig"mjj where m; refers
to light stetes instead of "normel® factor W/"“Z/ﬂ‘) since
here J contains only light gquarks. It can Dbe estimated numerical-
ly; the estimate will be given in our next work, here we will no-
tice only that its contridbution into the polarization operator
seems to be less than 5% and in future we will take into account
this teri when estimating the uncertainty of the results obtained.

‘A few words about the channel connected with jA « Here we do
not apply the Borel transformation and must choose & certain model
for the spectral density which would reflect the fact that, apart
from Z; K or 2 , there are higher resonance contamination.
Apart from 7 , K oxr ? we will account only for one next reso-
nance, A,, whith parameters which cffectively include higher states
as well. Qunatitatively, we will introduce in the r.h.s. of the
sum rules the following formfactor -ﬁ;ﬂﬁi)[

2
Lo8)= 1- %

m}i-f-ﬂ&

T (44)

This model of the specciral dengity turns out to be self-consistent,

a3 it will be seen below,

Trenaferring the continuum contribution to the l.h.s. we get

the sum rule for the amplitude T:

Z 2 2 P
.ﬁT' /MfM’,zﬂl) = T')(’Dm%rc _[:‘?[B &/Q) e’fﬂb/ﬂ’z* ”T%'y (45)
- &
&

To reduce further the contribution to cq.(45) coming from the first




o1
term in eq.(43) we differentiate (45) with respect to 1/M2 . Then
the intermediate ststes with mass ‘,-< My will be additionally

2 2 .
suppressed by ""!J-/MD o Finally, we arrlved at

ot
Fa ,'Z 2 a 8
- ;j:l i? 4’7. /M,M ; 9—) 8 m2 T ,1.{14 T./_- (az} (46)
bl It Taty Fa o T

The full weak decay amplitude is T. To determine T we find
the l.h.s. of eq.{46) for Q2 = 0.5 2 1.6 GeV? {(at lower Q2 higher
power corrections blow up, at larger Q2 higher rescnances in the
jA channel may show up). The last stage of the procedure is more

or less gtandard. We vary 1ndepenaentl,f the Borel parameters i

2 dependence of the

end A/% and find & domain where the M° , M

loh,3. of eq.{46) is weak. A%t the same time we demand from the

continumm contribution to be lesgss than 30% and, simultaneousliy,

higner powere corrections to be less than 30%. ¥e check tha-t-'Qa depen=
. <), 8 . . .

dence isexhausted by T ng— (ﬂ-//@ and find the consgtant T, i.e.

the D> AE decay amplitude,

4. Pactorizable and Non~Factorizable Pieces in Weax~Decay

Amplitudes
The sum rule {46) can be essentially simplified. Indeed, con-
gider its theoretical part, {T(Nf,q’:" QZ) « As has been already

noted, for any two-particle decay it is the linear combination of

three skeleton graphs, 3a,b, and ¢. Each of the graphs contains
two blocks connected by the four-fermion interaciion I-Iw o We can

drcompose '[T as follows:
1,,12,¢)_ T3: W, 2
L 1mym 8- ~[€ o' e )+ o e?) (47)

2,72, :
where 4& M, I‘.‘I,, 8 ) represents the sum of graphs with the



two blocks comnected only by H', with no gluon "bridge®" from one
block to the other. .

The function fn represents the sum of all other graphs.

Let us consider the issue in more detail: The function
'(-F f”‘:' H'Il Rz) ; 8s determined from Figs.3 e-c, is representable
a3 a proruct of two terms fixed by separate blocks. In other words,
we get the product of two correlation functions (e two-point funct~
ion and a three-~point function) calculated in the euclidean domain.
Then we write down & dispersion relation for each of the correlation
functibns, saturate it by resonances, and, after the Borel {rans-
formatiou arrive (for example, for the function I‘F determined
- by Fig.2b) ‘at , ) ~_mf,/~£ i,
fpminiiay= e fplie T

2
+ 2 Tap <) 1065010018 o gt i g 49
014 —irle (e -€ 7+

+ ( higter wsvnance contribotion)

where jw denote axial vector (vector) currents comprising H‘.V .

But this is nothing else than the aum rule for the quantity ,.,;,[;,CK
i.e. for the factorized weak decay amplitude, plus the contribut-
ion of the diagram 5c¢, computed under the factorization hypothesis,
(e omit here evident overall constants like cpfi 418 . etcl.

An anslogous sum rule is valid for the graph 3¢. Horeover, we get
zero for the diagram 3€ - manifestiation of vanishing of the annihi-

lation mechanism in the fectorized amplitude (if m = 0). The

u,d,s
arguments above referred to the channels D,F-’ PP, They arc egual-
ly applicable to the VP channels, however. Thus, the function

f{. {.Hfﬂ,fﬂej 83 it emergec from the sum rules, just reproduces
the expectations of the stondard model. Subtracting the sum rule

for ,[+ {from the total sum rule (46) we are left with the sum rule
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fur the non-factorizable part of the emplitude giving deviations

from the standard model
2

2
2,02, Mg, 8 .
- i?‘ £, /M:ﬁf,ﬂ ) o ™ Sl Y (49)
0 ’/,47"' :Fn”“/mc‘grﬁe. et

This is our final result in this work.

To calculate the 1l.h.s. we keep only those graphs in whiéh
two blocks (Fig.3a-c) are connected by gluons. To the leading
order the unit operator I and the operator ¥ ¥  are then irve-
levant. The operators Y(6S)Y , 6%, o3 6—"’9 z generated by
graphs with gluons emitted inside one block are absorbed in
-& (Mf M’fﬂz) . Hence, in our computations it is sufficient
to keep dim 4,5 and 6 operators generated by graphs with gluon ex-

changes between the blocks.

5. Conclugions

Thus, we have constructed the sum rules for weak decay ampli-
tudes of charmed mesons. Our final result, eq.(49), is formulated
directly in terms of T.,_ - the non-factorizable piece giving the
deviation from factorized prediction obtained within the spectator
model, We have shown that in the theoretical part one must keep
only the graphs with the gluon exchanges between the two blocks
comprising the graph.

Unlike the previous models, all assumptions made can be check-
ed within the appioach itself, the 'error in the predictions can be
estimated, and our accuracy is under the theoretical conirol. We
expect aT/p X 20%. The main source of the uncertainty is the
“other® regonance contamination.

Applications of the method to particular.decays will be con-

gidered in the next paper.
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Pig.1. Spectator mechanism in the charmed-meson decays.

Fig.2. The four-point function induced by the quark currents and
Hy . The shaded blob corresponds to the weak decay amplitude.



Pig.3. Theoretical part of the sum rules for charmed particle de-
cayss: (a~c) skeleton graphs determining the theoretical
part; (d) an example of the "dressed" diagram for b°4f ’P .
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Plg.4. External-field-iHauesd condepsates.
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Fig.5. Phenomenclogical part of the sum rules for charmed mescn
decays. Here (and in Pig.7) we use the following notations:
¢  vweak decay amplitude induced by Hw ; O strong decay

amplitude.

‘Fig.6. Phenomenciogicel part of the sum rules for the proton-proton

transition in the externsal axial f{ield.
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Fig.7. Pole model for the phenomenological part of the sum rules

for weak decays of charmed mesons,
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Weak decays of D end F mesons to be considered

approach proposed.
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