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We calculate the long distance contribution o™ °— 7% "1~ decays by the use of a vector meson
dominance model, in which thé meson plays the central role. The branching ratios obtained areafil a
few times 107 for the resonance and nonresonance regions, respectively. The analysis includes a calculation
of D*— 7" ¢, consistent with the experimental valy&0556-282(97)50503-0

PACS numbgs): 13.20.Fc, 12.15.Lk, 12.40.Vv

I. INTRODUCTION AND THE MODEL proach widely used for calculating the long distance contri-

New experimental limits for transitions involving change butions inb—s!"1~ decayf8]. We present the details of our
p 9 9€ calculation for theD ™ — 1 +1~ channel, for which the ex-

of flavor in charm meson decays were obtained recently %erimental input required by our model is available.
Fermilab[1,2] and at the Cornell Electron Storage Ring us- The basic assumption of our model is that the main long
ing the CLEO Il detectof3]. In particular, upper limits in  jistance contribution t®*— 7171~ is given by the tran-
the range 10*—10"° were established for exclusive chan- sition D" — 7" (V)—*171~, whereV is aqq vector me-
nels of the typeD *°—X "4 *1~, whereX " is a pseudo- son state. It is known thd®]
scalar or vector meson.

The short distance process-uvy, driven by the magnetic _
penguin diagram, is known to be of little significance for B(D"— 7" ¢)=(6.1+0.6) X107,
radiative decays of charm mesons as it leads to a branching B(D"—#w"p)<1.4x 103,
ratio of 10" *>~10 ! only, despite its enhancement by glu- B(D* =7 )<7x103, 1)
onic correctiong4]. In decays to lepton pairs, the short dis-
tancec—ul*l~ transition may be of more relevance, as it ) .
contains contributions from both form factors of the electro-Moreover, the branching ratios ab for decays to lepton
magnetic penguin diagram, as well as contributions from th@airs are [9] B(¢—e"e")=(3.00+0.06)x10"%, and

Z°-penguin diagram and from th&/-box diagram. Indeed, B ¢p—p'p)=(2.48-0.34)x10"*, while for p andw the
the rate for the short distan@e—ul™1~ transition has been similar branching ratios are nearly one order of magnitude

clcltes-7]t0be 1.3 10  Gev, eating o brancn. 245 11U e iy st consieratons o e e o
ing ratio of 1.8<10 8 for the inclusive process. Accord- y 9

. . i relatively small correction.
ingly, an gxcluswe process Sl,JCh 9 i, prected to Another kind of possible long distance contributions
bg apprOX|mat_er _10% of the |nclu5|ye rate_, will have a shortComes from thew-annihilation (or W-exchangg diagram,
d|sfz;1nce co.ntr|but_|0n. to the branching ratio of the order of;1\ich is found for example to be large B py [10], and
10"". On this basis, it has been arguéd that decays such needs therefore to be discussed further. In the present case of
asD"0— 7" A%17, Dy —K*ITI7, constitute *... alarge D_ me*e", the mechanism for then-annihilation (or
‘discovery’ window: seeing this decay occur at a branchingw-exchangg diagram is througd — wy* and y* —e*e™,
ratio above~10" would be strong evidence for new phys- where the virtual photon comes from one of the four quark
ics.” lines. Because naivéconstituent quark model does not

It is therefore of obvious interest to obtain reliable esti-work for the light pseudo Goldstone mesan we need to
mates for the long distance contributions to these modes. Asse a hadronic model to estimate these contributions. At the
one suspect$7] that these contributions are the dominanthadronic level, the proce$— my* corresponds to the elec-
ones in the standard model, one should have good control éfomagnetic transitio — D y* followed by the weak tran-
their estimation, in order to perform a meaningful search forsition D— 7, or D— 7 followed by m— 7y*. These elec-

new physics in these decays. tromagnetic transitions are described by the electromagnetic
In the present paper, we consider the long distance corformfactors of theD and themr mesons, which can be taken
tribution to the helicity-unsuppressed decaps—«l*1~, in the vector meson dominan¢¢MD) model as dominated

which supposedly are the better suited channel for checkinly vector mesons ag, p, andw. The contribution fromy is

the nature of the flavor-changing neutral transitions. We notemaller than those from the other two since tiiss highly

that presently the best experimental upper bounds for theffshell. The remaining contributions from and  in the

branching ratios are as follows: X80 ° for  W-annihilation (or W-exchangg mechanism correspond to

Df—7wtutu~, 6.6x10°° for D*—nTete” [2], and the full processe® — mp andD— ww. These effects have

1.8x104 for D°—#u*u~ [1], 4.5x10°° for been included in our VMD model and found to be small.

D°— #l%ete™ [3]. In the second section we present our approach to the cal-
Our estimate for the long distance contribution is basedtulation ofD*— 7 ¢, and in the third section we calculate

on a vector meson dominance mechanism, similar to the apts contribution to theD — 71 *| =~ modes.
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Il. D¥— " ¢ TRANSITION f,(0)=(1.0+0.3xfK(0)=(1.0-0.3) X (0.75+0.03),

We begin with a treatment of the proceBs — 7" ¢, ©
which is the main contribution t® " — 717%™ in our ap-

. el ) it which shows the consistency of Ed6)—(8), within the ac-
proach. The effective Hamiltonian for this transition is

curacy obtained so far. A new recent measurement by E687
G gave|f7(0)/fK(0)|=1.03+0.16+0.02[15], which is con-
— F ol — T (1 — sistent with the value cited in E9).
Het \/EVUSVCSazsy (I=yssuy(1=ys)c, (2 Using now, for example, the reasonable set of values
fp=0.20 GeV andg=0.6, as well as Eq(8), we find
where a, is QCD coefficient which is taken as I'(D*—x"¢)=(3.7£1.4)x10 ® GeV, which is in re-
|a,|=0.55+0.1 from the overall fit to nonleptonid decays markable agreement with the experimental aver&gg
[11]. We shall assume the usefulness of the factorizatiorP[(D* — 7" ¢) = (3.8 0.4)x 10" ' GeV. This approach
hypothesig11]; thus, leads tof , (0)=0.92 which agrees with the results of Refs.
[14,15.
In the calculation of the leptonic dec&®" — =171, we
shall normalize to the observdd™ — 7" ¢ rate. Neverthe-

Gk _
<7T+ d’lHeffl D+>= Evﬁsvcsa2<¢|s’)"u(l_ ')’5)S|0>
less, it is appropriate to emphasize at this point that the theo-

X(m*[uy,(1—ys)c|D"), (3 retical treatment described here accounts well for this mode;
_ this provides the needed confidence in its use as the major
and we defineg,, by contribution to theD— 1 "1~ decays.
(plsy*sl0)=ig ey . 4)

Ill. LONG DISTANCE CONTRIBUTION TO D*—a#*I*I~

dy wiﬂ b_e determined from the observed lepton pair decay e effective coupling betwees and! 1~ via a photon

¢p—e'e . _ _ _ . propagator is
The hadronic matrix element is parametrized by two in-

dependent form factork, andf_ as 1

380664

— — o gVa
ggn =[eu-vy UH]m

(7 [uy, (1= ys)c|DT)=f, (pp+ pw)ﬁff(po—pw),i(-s)

e’__ Je
) ] :§U|f’yyv|+ﬁ62. (10)
The f_ form factor does not contribute in the decay to a (p++p-)
lepton pair;f, is related by isospin so)llin_metry to the form For the ¢ meson decaying on shel, we replace

factor of the semileptonic dec&y* — #°l *v,. Accordingly, U(p, +p_)2— 1
we turn to the latter for learning thie, form factor. 5\7 F;]*” ¢ th 2y gefined in Ea(4) d i
Using the heavy meson chiral perturbation theory, Wise € shafl assume ?({’(q ) de ined:n _q.( ) does no
[12] hazs calculated thé, form factor near the zero recoil Zzgu;%%rr?c?lbg Wl\;{vhr?icr:n tize rfagk'zrr: Ofa'sms:eit fg our
; — _ — _ 2 + 01+, ) = .
PoiNtdin=(Po~Pr)m=(Mp+ ~My0)"in D™=l 7y to be <(mp—m,), and we use for it the value dete”rmined from
¢—e*e” decay

fo ( Pp P~ M3 )
f.(g2)=— 1-g-2> T D
() 2\2f ng'pw+mDA

fp Mp—m,
g

04s=(492 MeVW)Z (11)

The amplitude for the decay is then

2V2f, m,+4 )’ A(D* =t
AEmD*_mD . (6) GF N
:Eazvzs\/csﬁ'rﬂu'}’ﬂ(l_')’5)C|D+>
The analysis of various existing experiments gives the fol-
lowing bounds on the parameters in E) [9,13]: 9,,—(Ps+p_)(Pstp) /mfb
% y7a% =/ : —Jv
fp<0.31 GeV, 9 (o Tp)Z-miHiT m,
|g|<0.63. (7) ><e—2u_ , Js
3V (pytpo)?

On the other hand, two measuremdri4] of the form factor
f.(g°) in the semileptonic decay have been analyzed under G 262 1 1
the assumption of a monopole behavior for it, :—Fazv* V

\/E us

® XA (M YU pruys, (12)

2_
9673 mZ_ m _—m3+il ymy
2
1—-q3/me.

1-g?m?,’

fo(a?)=F,(q%)

where we used for the propagator a Breit-Wigner form to
and the data may be summarized 8k account for the behavior throughout the region of decay.
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Since at the n» mass the sizable D'—=z* TABLE I. The long distance contributionl'ygz to the
()= utu” opens [B(D"—m7)=(7.5£25) D —wm'u'u or D'—m'e'e decay rates, outside the
x 10~ 3], we shall impose a lower cut on time, _ spectrum  #-resonancgbeyondm,*A).
of the muon pairs above the mass. We have also checked

: . . PP . .
that changing this cut up to 700 MeV does not affect practi® (MeV) I'yr (1077 GeV) Branching ratio
cally our results. We shall make for convenience the same 5 3.66 5.0¢10°7
cu+t in the ete” channel. Then, the spectra fefe” and 10 1.92 3107
u T are ess_er_ltlally |dent|c_al in _the chosgn region for 20 0.95 15107
m, _ . By restricting our considerations to this region, we 40 0.45 0.7%10°7

also avoid a possible ambiguity concerningjthdependence
in the region close t@?=0.

The contribution of ¢ to the long distance In the present paper, we concentrated on the
D*—a*1"1~ decay in the resonance region is givenby D*—#"1*I~ modes. For the parallel decays
D% 7% *I~, we expect in our model a branching ratio
(mytTy22  , dAL(DT—7"1717) smaller by approximately 5, due to a factor of 2 from the
FRIJ S dm? o (13 al =3 weak D— 7 transition and a factor of 2.5 from the
(my—T 4/2) i

D*—DO lifetime difference.

We remark that a previous long-distance calculation of
D—al "1~ (first Ref. of [7]) has considered it as evolving
from theD—D* & process, with the virtuaD* decaying to
a lepton pair. A rate of 10° has been found for this contri-
bution; this is consistent with our result as this specific dia-

.If we gxtend the limits in Eq(13) tomy Iy, this branch- gram is obviously only part of the form factor we considered
ing ratio becomes 1.2210 © o
9 : ' . here for the transition5).

Now we turn to the region outside the resonance, which IS \We conclude by stressing that our results, presented in

%q. (13) and in Table I, invalidate the earlier expectatipbk
that branching ratios above 10~/ would constitute a signal
for physics beyond the standard model.

and we find it to contribute to the branching ratio

TRB(D*— 7 "1717)=0.82x10" 6. (14

contribution ad"\g, and we calculate it from the amplitude
of Eq. (12) for the region m,<m,_<(m,—A) and
(mg+A)sm, _<(mp—m,). The branching ratios for the
long distance contribution outside the resonance region, for
several values oA\, are given in Table I.

We remind the reader now that the short distance contri- This research was supported in part by Grant No. 5421-
bution[5] to these decays is about two orders of magnitude3-96 from the Ministry of Science and the Arts of Israel. The
smaller than the values of Tables I. Hence, the typical interwork of P.S. has been supported in part also by the Fund for
ference distribution inm,_ expected inb—sl™l~ [4] Promotion of Research at the Technion. One of(RBsS)
should not appear iD— | *1~, the spectrum of the lepton acknowledges a helpful discussion with Professor Lalit Seh-
pair in our case being given by the matrix element of Eg.gal. We also thank our colleagues Professor Gad Eilam, Dr.
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