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The Cabibbo suppressed decsys: V11~ (V is light vector mesonpresent in principle the opportunity to
observe the short distance FCNC transitors-ul ™1, which is sensitive to physics beyond the standard
model. We analyze these as well as the Cabibbo alldveaVv1™|~ decays within the standard model, where
in addition to the short distance dynamics also the long distance dynamics is present. The long distance
contribution is induced by the effective nonleptonic weak Lagrangian accompanied by the emission of a virtual
photon, which occurs resonantly via conversion from a vector mp8pm or ¢ or nonresonantly as direct
emission from & meson. We calculate the branching ratios forta#-VI*|~ decays using the model, which
combines heavy quark symmetry and chiral perturbation theory. The short distance contributionaue to
—ul™l~ transition, which is present only in the Cabibbo suppressed decays, is found to be three orders of
magnitude smaller than the long distance contribution. The branching ratios well abo¥eat0Cabibbo
suppressed decays could signal new physics. The most frequent decays are the Cabibbo allowed decays, which
are expected at the rates, that are not much lower than the present experimental upgg limit” u* u ™~ is
expected at the branching ratio of approximately B ~°, while D°—K*%u* ™~ is expected at 17107,
[S0556-282(98)06121-9

PACS numbegps): 13.20.Fc, 12.39.Hg, 12.40.Vv, 13.25.Ft

I. INTRODUCTION Glashow-Yliopoulus-Meian{GIM) suppressed and does not
_ reach beyond the 10 range at most, despite being consid-
In the charm sector phenomena suctD&s-D° mixing,  erably enhanced by QCD correctiof8,11]. Thus, here
CP violation and rare decay probabilities are small, whichagain the LD effects mask the contribution of the $D
makes them good candidates as probes for new physics with-uy loop, except for very special circumstances, which
small background from the standard mofdet3]. In particu-  were pointed out recently9,12].
lar, decays of typd — X171~ were singled ouf4—6] as a We analyze LD and SD contributions to &l—VI*|~
possible good window to non-standard contributions of thedecays within the standard model. The SD contribution due
flavor-changing neutral transitiogffCNC) c—ul™l~, at the to c—ul™l” is present only in the Cabibbo suppressed de-
1077 level for the branching ratios. This suggestion wascays D°—p%*17, D°-wl*l” D%-¢l*I", D~
prompted by the smallness of the short-distaté®) ¢ = —p |71~ andDg —K* 1717, Our results should provide
—ul*l~ contribution within the standard model, which the appropriate theoretical background against which pos-
leads[4,6] to a branching ratio of only I® for the inclusive S|blg signals of new physms are searched for in these decays.
process. Although QCD corrections to this process have ndylotivated by the experimental searcrleos;v!e analyze also the
been calculated in detail yet, these are not expected to affe@tablbeof allowed decays DC—K 1717 and  Dg
significantly the size of the—ul*l~ amplitude, as ex- —P I717), which are the best candidates for their early

plained in the next section. Accordingly, one expects theetection, and the doubly Cabibbo suppressed dedays (

*++H— 0 *0p+|— i
hadronic exclusive decays induced by this SD transition to K* "I"1—andD"—K*"I "1 7). Here the signals from new

occur with branching ratios of the order of 18 physics are not expected from the theoretical models usually

. . . . idered.
Further studies, which have considered the Iong-dlstanc(éOnSI . .
(LD) contribution toD—P1*|~ transitions  is light pseu- On the experimental side, so far there are only upper

ounds on the branching ratios Bf—VI*1~ decays from
gﬁzgala{_rgg’7]a:g}’;sizong]!u?ﬁg trliaDt tt]:((a)?:tariabrueti:)ar:gerifgqég] S 653 Collaboration and CLEO Collaboratiph3,14], in the

range 103—104, but these are expected to improve in the
— 77971 [7] has shown these modes are expected to 'eaﬂjtu%e. P P

to branching ratios of the order of 18 in the resonance | gec. |i we present the details of our approach and we
region and a few times 10 in the nonresonant region, thus gefine the approximations used. In Sec. Il we give the re-

pract+iczilly invalidating their use for observing the  gyits of our calculations and we summarize in Sec. IV.
—ul™I™ transition within the standard model.

A similar situation holds in the case dd—Vy (D Il. MODEL DESCRIPTION
— Py is forbidden, where long distance effectis8—10]
cause these modes to have branching ratios in the
10" ’—10 “range. On the other hand, the SD component due In this subsection we present the general framework used
to the magnetic electroweak penguin transitior-uy is  for calculating the long distance amplitudes, while the details

A. Long distance contributions
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of the model employed are given in Sec. Il C. The long dis-
tance contribution il — V1"~ decays is due to the effec-
tive nonleptonic weak Lagrangian, which induces the weak
transition between the initial and final hadronic state. The
weak transition has to be accompanied by the emission of ¢ “a
virtual photon, which finally decays into a lepton antilepton

pair. The effective nonleptonic weak Lagrangian responsible
for charm meson decays is X /W\<

Ge
ELD——‘/QV Vg [al(uq )#(q;C) +az(uc)ﬂ(qjq) 1, 1

Vi VIII

where (1,014/;2)” 1,017“(1 Yy, q;,; represent the fields
of d or s quarks,V;; are the Cabibbo-Kobayashi-Maskawa
(CKM) matrix elements anG is the Fermi constant. In our (c)
calculation we usea;=1.26 anda,=—0.55 as found in
[15], from an extensive application of E(L) to the study of
nonleptonicD decays.

The virtual photon emission from the hadronic states is
taken in our approach to proceed through two different

me(.:hfl:mlsk:ns hanisthe oh . itted diagrams are denoted by the roman numbers |-VIIl. The square in
(i) In the nonresonant mechanisthe photon is emitte each diagram denotes the weak transition due to the long distance

directly from the initialD state. _ LagrangianZ, p [Eq. (1)]. This Lagrangian contains a product of
(i) In theresonant mechanisnapart from the final vector 10 weak currents, each denoted by a dot.

mesonV, an additional neutral vector mesbj is produced,
which converts to a photon through vector meson dominancé(@, 1(b) and Xc), respectively. Different diagrams in Fig. 1
(VMD) In this case, a n0n|epton|c weak deday_)vvo is are denoted by the roman numbers from I-VIII. Dlagrams

followed by the transitionVy— y* —1*1~, whereVy is a Il and IV in Fig. 1 represent nonresonant contribution
short-lived vector mesop®,  or ¢. (mechanisnti)). All the remaining diagrams, which proceed

The evaluation of the matrix elements of the product ofthrough the intermediate short-lived vector mesan(p, o
two currents(1) requires nonperturbative techniques and we2d®), represent theesonant contributiofmechanisnii)).
are forced to use some approximation. We have undertakef'€ resonant amplitude is represented in the whbleegion
to use systematically the factorization approximation, wherdy the Breit-Wigner vector meson propagataf.i¢ the sum

2
the matrix element of the product of two currents is approxi-f 1€pton and antilepton momentdn the regions ofy* far
mated by away from mvo, the resonant amplitude is given therefore

- - - - solely by the tail of the Breit-Wigner vector meson propaga-
<V7|(Qiqj)#(ch)p.|D>:<V|(qiqj)ﬂ|0><7|(ch),u,|D) tor. The square in each diagram of Fig. 1 denotes the weak
transition due to the effective Lagrangidhp (1). This La-
+<7|(EQJ)”|0><V|(E<C)M|D) grangian contains a product of two left handed quark cur-

rents @q,)*, each denoted by a dot on Fig. 1. The left
+<V7|(aq,-)“|0>(0|(a<c)#|D)- handed currents will be expressed in terms of the relevant
hadronic degrees of freedo;, D*, P andV. In our nota-
tion the hadronic current, in diagram II, for example, cre-
The first two terms are the spectator contributions, in theytes av meson, while the hadronic currefit annihilatesD

following denoted byAgpec, andAspecy, respectively, and  and create¥, at the same time.
the third term is the weak annihilation contribution, denoted In the model we use, there is no contributionJfV or

by Aannin- Herey denotes the virtual photon. othercc excited states. The contribution that would arise by

To calculate the matrix elements in E®) we use the o oychange of this mesons is effectively described by dia-
hybrid model, which combines heavy quark effective theory X g ! ! VEY ! v d

(HQET) and chiral Lagrangiafil6—18 and has been suc- gram Il of Fig. 1, wherecc exchange is “hidden” in the
cessfully employed already fdd meson decays in several DD* ¥ coupling. The alternative approach of a direat
papers[16—26. A very detailed description of the hybrid €xchange would require the knowledge of their couplings to
model and its previous applications is given[i8]. photons over a wide region af?, of which one has only
The relevant hadronic degrees of freedom for the preserfitidimentary knowledgg27].

calculation are heavy pseudoscal&r)(and vector mesons
(D*) and light pseudoscalaP) and vector ¥) mesons.
Within this approach the diagrams that contribute to the am- In addition to long distance dynamics, the Cabibbo sup-
plitudesAspec, , Aspecy andAannin (2) are shown in Figs. pressed decay®’—p®l*1~, D°—wl -, D°—¢l*I-,

FIG. 1. Skeleton diagrams of variolisng distance contribu-
tionsto the decayD— VI*1~ resulting from Eq(2). The spectator
dlagrams of typeAs,ec, [S€€ EQ.(2)] are shown in Fig. @), the

spectator diagrams of typ&sp.cy are shown in Fig. (b) and the
weak annihilation diagran&, i, are shown in Fig. (c). Different

B. Short distance contributions due toc—ul ¥~
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D*—p*1*1~ andD{ —K* *17]~ can also be driven by the
short distance— ul ™|~ transition. The short distance part

I 1I
in D—VI*"I~ decays will turn out in general to be much v ! v 1
smaller than the long distance part. However, we shall find
that in the case db°— p°(w)I "1~ the short distance part is D D¢ ; D ]

of the same order of magnitude as the nonresonant part of the

long distance contribution. In this subsection we estimate the k|G, 2. Skeleton diagrams short distance contribution the

size of the short distance amplitudes, whicm@resonant decayD—VI*1~ due toc—ul*l~ transition. The squares in the

in its nature. diagrams denote the weak transition due to the short distance La-
The effective Lagrangian for FCNC transitier-ul "1~ grangianLsp [Eq. (3)]. This Lagrangian contains a product of a

arises fromWW exchange box diagrams a@dand y* pen-  quark and a lepton weak currents, each denoted by a dot.

guin operatord4]. It has been obtained using the similar

results fors—dl*1~ decay[28] TC(c—ul*l7) GZm; ( a )2

, ['(D%  1922°T(D°) | 47 sirfay,
Gk e
Lso=  Ton?sirton X[IViAi?+|ViBil]
—2.9x10°°,

X Viluy, (1= ys)c(Al y“(1— ys)l
i:dZ,s,b L7 (1= v ey 1= ys) To predict the exclusive amplitudes for—VI*1~ induced
by Lsp (3), we have to evaluate the matrix elements

+B;l y“(1+ ys)1)

— 2imsir 050" U0, (1+ ys)cly*(1— ys)l ], (Muzu(1=95)clD). @

(3 We shall do this by again using the hybrid model, which is
described in the next subsection. The corresponding Feyn-
man diagrams within this approach are given in Fig. 2. The
squares in the diagrams denote the weak transition due to the
short distance Lagrangiafp (3). This Lagrangian contains
a product of a quark and lepton weak currents, each denoted

. . o " by a dot in Fig. 2. We remark, that these diagrams have a
which have not been studied far—~ul™l ™ decays so far. |5, distance counterpart, given by diagrams V and VI of

: : - ,
When referring to these corrections for-ul™1™, one is  Fig" 1 which represent the long distances uy transition
reminded that in the case af—uy decay there is a huge [g og]

QCD enhancemeni8,11], which is due to the following rea-
son: The effect of QCD is that the Wilson coefficient
c,(m), responsible for the magnetic penguin decay

—Uuv, obtains the admixture of the other Wilson coefficients )
evaluated at the scam,, in the leading order;(my,), i Here we present the model, which we use to evaluate the

matrix elements(2) and (4) needed to predicD—VI*|~
amplitudes. The framework we use for our treatment is that
of an effective Lagrangian, which embodies two important
approximate symmetries of QCD, the infinite heavy quark

. . - m limi — iral limi i ,
other hand_, the resp0n5|bl_e Wilson coefficieAfsn,,) and n;rrsmsely (mtu %ms))jgdm.i 22|;?L:$|'t \];\(/)hriglr?r\]/\t/aiuggi/sel-
B(my), Whlch do not contribute for the real photons, are nOtoped during the last few yeafE16—26 and additional ref-
suppressed in the lowest order and one would not ex_pegrences quoted ifL8]), has been used with a good measure
large QCD effects on them as one has learned from estimg; syccess to treat strong, electromagnetic and weak decays
tion of s—dl*1~ [29] The coefficient of the magnetic tran- of D andB mesons. ObViOUSly, an effective Lagrangian ap-
sition F»(my), which is proportional to Wilson coefficient proach has also its weakness, as it involves a number of
c7(my), indeed acquires large QCD corrections, however itunknown coupling constants. Fortunately, the use of ob-
is strongly suppressed in the lowest order. Since we are onlgerved processes makes it possible to determine a good pro-
interested in the rough estimation of the short distance corportion of them, as detailed in this and the next subsection.
tribution in D—VI*1~ and the last term in E(3) is much  Moreover, the use of form factors alleviates the limitations
less important than the other two for such deci®@], we on the range in which the basic assumptions of the model
neglect the last term altogether, using the approximation exhold to a good accuracy. The model and its various applica-

where the Willson coefficients,;, B; and Fi2 are given in
Appendix A andV; are the CKM coefficientsy; =V V.
The expressior(3) does not contain the QCD corrections

C. Theoretical framework: Chiral Lagrangians, heavy quark
limit and vector meson dominance

=1,...,10.Sincec,(my) is extremely suppressed compared
to some other Wilson coefficients;(my,), the resulting
c,(m;) is much bigger thart,(my,) and a huge QCD en-
hancement foc—uy occurs. In thee—ul*1~ decay on the

plained in Appendix A. tions till now are well exposed in a recent revigl8]. In the
The LagrangiarCsp, (3) then gives the branching ratio for present subsection, we describe those parts which are needed
inclusivec—ul*I~ process for our calculation. We introduce now the strong and elec-
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tromagnetic interaction Lagrangians for the hedkmdrons [18]. The light vector mesons are incorporated using the hid-
containingc quark and light(hadrons containing only light den symmetry approacfi8,30. We are aware that using
u, d ands quarks sector and the relevant weak currents. At(HQET), which converges very slowly in the case of

: : uark, presents a rather rough approximation. In spite of that,
the end of the section we discuss the values of free paran%e HOET approach, which helps to reduce the number of

eters, that enter the Lagrangiaps and currents in our modef ee parameters, has been successfully applied in niany
Our strong and electromagnetic Lagrang[d®—19§ is in- decays(e.g.[18] and references thergin

variant under heavy quark spi&U(2)), chiral (SU(3). The light degrees of freedom are described by the33
X SU(3)g), Lorentz, parity andJ(1) gauge transformation Hermitian matrices

0
™, T Mo - K
vZ 6 V3
0
-
1= " L0 ko 5
V2 6 V3
_ 2
and
0
p,Tw
o KT
V2
Pu= p— _p2+wu K*O ) FMV(p):{?;LpV_ﬁVpM+[pM1pV] (6)
© V3 ©
- w*0
K K3 b

for the pseudoscalar and vector mesons, respectively. Thevﬂ=%(uTDMu+uDﬂuT) and AMzé(uTDﬂu—uDMuT).

are usually expressed through the combinations (10)
il
U=exp < () gauge transformation, corresponding to the electro-magnetic
U(1) transformation in QCD, we define the covariant de-

wheref=f_=132 MeV is the pion pseudoscalar decay con-fivatives as
stant and

Demanding the Lagrangig®) to be invariant under the local

_ A T B T
~ D,u=(d,+B,u and D,u'=(d,+B,u’,
;JMZig—Vp#, (8  with B,=ieB,Q, Q=diag(2/3;~1/3,~1/3) andB, being
V2 the photon field. The constaat (15) is in principle a free
- . parameter. We fix it t@a=2 [30] assuming the exact vector
wheregy, is fixed in the case of the exact flavor symmetry tomeson dominance, where the pseudoscalars interact with the

be theV PP couplinggy=5.9[30]. photon only through vector mesons. With this choice, the
The most general strong Lagrangian for the light mesonghoton-vector meson interaction given by the second term of
in the leading order of chiral perturbation theory 89] Lagrangian(9) is
1 f2 ~ N2 ——eq, f?2 Op 1 M V2 M
Liigh=— 5 ATHAA) +a TV, = p,) T} Lyy=—egvfB,| p+ g0k — 59" (11)
+ %Tr[F’w(;))FMV(;))]' (9) Instead of using the exa&U(3) symmetry valu_eﬁ\,=5.9
v and f=132 MeV, we express th&y couplings in terms of

the measurable quantitigs, g, andg,, defined by the ma-
where we have introduced two currents trix element of the corresponding vector currdfjt
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(V(ey,q)|30)=gy(a®) e*“(q). 12 L2 ay=—N TIHao, F*(B)H,]

. . . +iA Tr[Haa',qu'uV(P)abe]- (17)
In our calculation we use the valugs given in Table II,
which have been directly measured in the leptoMc The first term contributes to diagram Il in Fig. 1, while the
—1*1~ decays, and we make the assumptign(q?)  second term contributes to diagrams | and V of Fig. 1 and
=gy(mé)=gy. The photon-vector meson interaction La- diagram | of Fig. 2. The\ and\’ are free parameters.
grangian(11) defined through the constargg is In addition to the strong and electromagnetic interaction,
we have to specify the weak one. The effective weak La-
grangian responsible for the long distance contribution is
Lo e 0 90 , V29, v|g 13 given by £, 5 (1) and for the short distance contribution by
VT T s 9pp 3@ 3 ¢“|B,. (13 Lsp (3). As we deal with the probabilities for the weak de-
cays of hadrons, we rewrite the quark weak current§,ip
(1) andLgp (3) in terms of hadronic degrees of freedom. The

As far as the calculation of the amplitudes for the diagramsveak currentg,y*(1— y°)c containing ac quark and one

of Fig. 1 is concerned, the Lagrangidijgn, (15 provides |ight anti-quark q, transforms under chiralSU(3),
also theVVV vertex given by the third term in E¢9). The % SU(3)g transformation aS_(L31R)- At the hadronic level

VVV yertex IS present in .th'”? diagram VIl of Fig. 1, which we impose the same chiral transformation and we require the

describes the photon emission from the charged vector me- : : : ra

son current to be linear in the heavy meson field$ and D7,
We need also théVV vertex, which is present in the [16.26

diagram VIl of Fig. 1. This interaction term can be generated

Zr;l[ylg} the next-to-leading order of chiral perturbation theory J="Lia T y*(1— 75)Hbuga]

Con + ay T ysHu(p* = V¥ )pcla]

Ligm=—14 "B T1(d,p,0.ppI1),  (14)

+ap Ty ysHpo o(p =V )pld+-- . (18)

whereCyyy is free parameter. The current(18) is the most general one in the leadingnl/
Both the heavy pseudoscalar and the heavy vector mesolgye of HQET and next to leading order of chiral perturba-
are incorporated in ax4 maitrix tion theory. The first term is connected to the definition of

the heavy meson decay constaD(p)|(q,c)*|0)=

1+4 —ifpp*, wherea=fp+mp. The second and third term con-
HazT(P;M')’M_ Pavys), tribute to diagrams Il and VI of Fig. 1 and diagram Il of Fig.

2, whereJ4 (18) annihilates thed meson and createég or
Vy meson at the same time. The constant@nda, are free
o 144 parameters.
Ha=y"H1y"= (P v"+Plys) ——.
(15) D. The choice of the parameters

We now turn to the values of the coupling constants
wherea=1,2,3 is theSU(3)y index of the light flavors and  C,,;;, \,\’, @; anda,, which we need in the evaluation of
P..» Pa annihilate a spin 1 and spin 0 heavy me€pqg, of  the amplitudes of diagrams on Figs. 1 and 2.
velocity v, respectively. The strong and electromagnetic La- The couplingC,,;; can be determined in the case of the
grangian in the heavy sector have to provide us with theexactSU(3) flavor symmetry following the hidden symme-
DDy, DD* y andDD*V vertices. The first vertex describes try approach of30] and is found to béCyyy| = 392/3272
the photon emission from the chargbdmeson and is gen- =0.33. Experimentally, it can be directly determined from
erated in the leading order of HQHETnvariant under heavy the V— PV,— Py decay rates. In the following we will use
quark symmetry andJ(1) gauge transformation with mini- the average value @,;;, obtained from the measurements

mal number of derivativgsas[17,18 of different V— PV,— Py decays|Cyyy|=0.31[9], which
o is close to its S(B) limit.
Eﬁewy:i T{Hv"(d,+ Vﬂ—%ieB#)Ha]. (16) We determine the three parametarsa; and a, using

three values related to the helicity amplitudBs=0.048

TheDD* y andDD*V vertices can be generated only in the *0.004, I' /T't=1.23+0.13 andI', /I"_=0.16+0.04 for
next-to-leading order of the heavy quark and chiral expanthe proces® ™ —K*° *y, [16], taken from the average of
sion and are described j§7,18 data from different experimentsl4]. We get four sets of
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TABLE |. The branching ratios for the Cabibbo allowed, suppressed and doubly suppr@ssed
—Vut u~ decays. The last column presents the experimental upper bpl®dd)], while the other columns
present our theoretical predictions. The total branching &tjg, containing longFig. 1) and short distance

(Fig. 2) contributions is given in the fifth column.

The third column presents only the short distance part of

the branching rati®sp. The fourth column presents only the nonresonant part of the long distance contri-

bution Bib,,. The error bars in the table are due

to the uncertainty of the model parameters expressed by the

possibilities\” = +0.07+0.26 andCy;;= =0.31. The branching ratios f@® —Ve'e™ obtained with the
lower cut offg?= (ZmM)2 (g2 the invariantu ™ u~ mas$ are almost exactly the same as the branching ratios

for D—Vu*u™ given in this table. The second
terms of the Cabibbo angle=cosé- ands=sin 6

column gives the corresponding Cabibbo fégtgrin

D"VM+M7 feab Bsp BLDnonr Biotal Bexpt
DO—K*Out ™ a,c? 0 <19x 108 [1.6-1.9/10°° <1.18x10°3
Di—pTutu” a,c? 0 40<10°% [3.0-3310°

DO—put —a,sc 9.7x10°° <48x101® [35-47/107 <23 x10*4
D'—wutu” —a,sc 9.1x1071°  <37x10°%° [3.3-45 107 <83 x107*4
D= oputu” a,sc 0 <1.1x10° [6.5-9.0110°8 <4.1 x10°*
DYt —ptutu” —a;sc 4.8x10°° 27x10°7 [15-1.8/10°° <5.6 X104
DI —-K* utu” a;sc 1.6x10°° 1.5x 1077 [5.0-7.0] 1077 <1.4 x1073
DY—K** utu” —a;s? 0 1.0< 1078  [3.1-3.7]10°8 <8.5 x10°*
DO—K*Out ™ —a,s? 0 <5.0x10°' [4.4-5.1]10°

solutions for\, @, anda, [16] and we choose the set, which time of the intermediate neutral vector mesdp by using
gives the best fit with a number of the nonleptonic decayghe Breit-Wigner form for the/ propagator

D—PV, D—VV and D—PP [20]: A=-0.34£0.07, o
=—0.14+0.01, anda,=—0.83+0.4.

In order to gain information o’ we turn to an analysis G m\i’/
0

of D*°-D%, D**—=D*y and D!"—DJy decays.
Experimentally, only the ratios R)=I'(D*°—D%)/
r(p*°-p%°% and R;=T(D**—D"y)/['(D*"
—D* 7% are known[14]. Taking theR)=0.616 andR
=0.036[14], we obtain two sets of solutions fox'/g| and
IN/g|, which gives two solutions fot\'/\|. The first is
N"/\|=0.77 and the second |a'/\|=0.21[9]. Taking A
=—0.34 we get four possibilities fox'=+0.26+0.071,
which all have to be considered.

Ill. THE AMPLITUDES AND BRANCHING RATIOS FOR
NINE D—VI*I~ DECAYS

A. The amplitudes

94

L — '
q —m\,0+|1“\,0m\,O

wherel'y is the decay width of th&/; meson and is its

momentum. Then, using the interaction Lagrangidns(3),

(9), (13), (14), (16), (17) and the weak currentd 2), (18),

the calculation of the amplitudes for long distance diagrams
on Fig. 1 and short distance diagrams on Fig. 2 is straight-
forward. The calculated amplitudes for different diagrams
have in general different Lorentz structure. It is convenient to
treat the amplitudes of similar Lorentz structure together.
Then, the sum of the amplitudes within the model described
above is given by the expression

In this section we turn to the amplitudes and branching A[D(p)— V(e . P! T (P17 (p-)]
ratios for the nineD—VI"|I~ decays. The interaction G 1
Lagrangiang9), (13), (14), (16), (17) and the weak currents - R Y,
(12), (18) provide us with the vertices in the kinematical o) € Cabg2 €wpU(P-) 7.0 (p+)
region, where the heavy quark and chiral symmetry are good

(i.e. the velocity of the heavy mesons changes only slightly X[ €47 *Bq,p,Apc+iABY], 19
in the interaction and the energy of the light mesons is

small. The problem is how to extrapolate the amplitudes towhereq=p_+p.. is the momentum of the intermediate vir-
the rest of the kinematical region allowedn—VI*|1~ de-  tual photon and the corresponding Cabibbo facfers, are
cays. We assume, that the vertices do not change signifgiven in Table LLApc andAg\V, correspond to parity conserv-
cantly throughout the kinematical region, which is a reasoning and parity violating amplitudes, respectively. They get
able assumption i decays. At the same time we use the contributions from different diagrams in Fig. dong dis-

full heavy meson propagators pA{—m?) instead of the tance and Fig. 2(short distance The short distance ampli-
HQET propagators 1/(2v - k). We account for the short life tudesApc and Aﬁ\”, for the Cabibbo suppressed decays are
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given in Appendix A. The long distance amplitude®sc and  contributions is given in the fifth column. The third column
ABY, for the Cabibbo allowed, suppressed and doubly suppresents the short distance part of the branching Be
pressed decays are given in Appendix B. calculated from Eq(3), which is present only in the Cabibbo
The decay width foD—VI*1~ is given by the square of suppressed decays. The fourth column presents only the non-
the amplitude, summed over the polarizations of the thregesonant part of the long distance contribut®yy, . This
particles in the final state and integrated over the three bodyart is bigger for the chargeB meson decays, where it is

phase space

r J|A(p(V)-p+,pf)|2
r

~ 2mp(2m)° p%l
d3p_
><F5(p(v>4r P++pP-—p).

B. Discussion of the results

Firstly, we present the results for the decays with th

dSP(V) d3p.
2p?\,) 2p%

(20

€

mainly due to diagram IV of Fig. 1. For the neut@lmeson
decays, diagram IV vanishes and the remaining nonresonant
diagram Ill has a smaller amplitude, which is proportional to
N\'. The parametek’==*=0.07+0.26 has large uncertainty
and we are only able to quote the upper limit Bq_anom.

Apart from the Cabibbo structure, the branching ratios
depend mainly on whether the initigland fina) state
is charged or neutral, with bigger branching ratio in
the former case. We present also the distribu-
tions (1€ p)dI'(D—Vu* u~)/dg? as a function ofg? (9>
is invariant u* .~ mas$ for the typical representatives of

muon final stateD—Vu* ™ and we comment on the de- "€ Cabibbo allowed B —p u’u” in Fig. 3 andD°
caysD—Ve'e™ in the end. The branching ratios for the —K*°u*u™ in Fig. 4 and suppressedDC— p%u*u~ in
Cabibbo allowed, suppressed and doubly suppreded Fig.5andD{ —K**u*u™ in Fig. 6), neutral or charge®
—Vutu~ decays are presented in Table |. The last columrmeson decays. The short distance contributidot-dashed
presents the experimental upper boufti3,14. The other line) due to c—ul™l~ transition is present only in the
columns present our theoretical predictions, where the errdcabibbo suppressed decays and it turns out to be much
bars are due to the uncertainty of the model parametérs smaller than the long distance contribution. Concerning the
and Cyyy;, which can have any of the valuas ==+0.07, long distance contribution, the resonant part is bigger than
+0.26 andCy;=+0.31. The total branching ratiB,,,  the nonresonant paftiashed ling except perhaps in the case
containing long (Fig. 1) and short distance(Fig. 20  of chargedD meson decays at the log/? (see Figs. 3-6
Note, that the nonresonant LD contribution is generally

[}

pry
(=}
T

10° dr(@"->K u'wHT, dg)
10° dN(D,"->p W' WA, dg)

10° | RIS 1
e 10° i
N
10 | N j
AY
\\ “
\ 10"k _
\\
A
10° ‘
0.0\ 0.5 1.0 10° : ‘
2 2,
2 q° (Gev?) 0.0 0.5 1.0 15
(2m,) q°(GeV?)

FIG. 3. The differential branching ratio (14)dI'(D° FIG. 4. The differential branching ratio (@14)dI'(D;
—K*% 17)/dg? as a function ofg?® (g2 the invariantu™ u™ —ptutuT)/dg? as a function ofg? (g2 the invariantu ™t ™
mas$. The full line corresponds to the total branching ratio, while masg. The full line corresponds to the total branching ratio, while
the dashed line represents the nonresonant long distance part. In tthee dashed line represents the nonresonant long distance part. In the
calculation the model parametex$=0.26 andCy,;=0.31 were calculation the model parametexs=0.26 andC,,;=0.31 were

used. used.
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10° dr(@"->p"u'WH/(T, dq’)
=
T
10° dr(D, ->K "W W T, dgd

10° £ Seo E 10" Lt J
10° L N 10° L E
\\
\\
107 L A E 6
! 10° | .
1
]
!
10.300 02 04 06 08 10 12 107 : : : . :
: ) T e : . 0.0 02 0.4 0.6 0.8 1.0
q (GeV?) qz(GeVZ)
FIG. 5. The differential branching ratio (14)dr'(D° FIG. 6. The differential branching ratio (14)dI'(DY
- ) o _ . 6. J
—p u"u7)ldge as a function ofq” (gq° the invariantu™ u . K** " u)ldof as a function ofg? (g2 the invariantu® u -

mas3. The full line represents the_ total branching ratio, the dOt'mass). The full line represents the total branching ratio, the dot-
dashed line represents the short distance part, while the dashed I"agshed line represents the short distance part, while the dashed line

represents the nonresonant long distance part. In the calculation trngresents the nonresonant long distance part. In the calculation the

model parameters’=0.26 andCyyy =0.31 were used. model parameters’=0.26 andC,,,=0.31 were used.

smaller than the resonant LD contributions even in the rethe long distance branching ratios of order 100bviously,
gions well outside the resonance pealqatm? . Itis in-  to observe the FCNC transitioo—u within the standard
0

teresting to remark, that the short distance and nonresonamOdel’ one must most likely look for other possibilities. Still,

long distance contributions are comparable for Cabibbo sup?€W physics could enhance_ the SD part to pe of the same
pre%sed neutraD meson decaysD%epOIﬂ* and D° pgrder as the LD part or bigg€i2,5,6]. In this case the

ol branching ratios well above 16 for Cabibbo suppressed
. + ; .
In the decays with the electron final st@le~Ve'e™ the decaysD—Vu"p~ would signal new physics. As the
lowest kinematically allowed? is g2, = (2mg)?, which is present experimental upper bound is much higher, these de-

smaller tharqﬁﬂn=(2mﬂ)2 in the DV * - case. In the cays still contain a large discovery window.
regionq2>(2mM)2 the electron rates are practically equal to
the muon rates. In the regiog?<(2m,)?, however, the
rates forD—Ve'e™ are extremely enhanced due to the pho-  We have calculated the long and short distance contribu-
ton propagator 1?. However, the region down tm]ﬁ“n tions for nineD—VI*I1~ decays within the standard model.
=(2m,)? requires a more accurate treatment of ¢ffede- The short distance contribution is present only in the
pendence whem? approaches to 0, which is beyond our Cabibbo suppressed decays and is due to the flavor changing
scope here. We have calculated the-Ve*e™ branching neutral transitiorc—ul™1~. The long distance contribution
ratios with the lower cut 0ft12=(2mﬂ)2 and have obtained is composed of the resonant part, which arises from the in-
values which are very close to ti2—Vu ™ u~ branching termediate light vector mesovi, exchange D—VVy—Vy
ratios (the D—Vu* u~ branching ratios are obtained inte- —VI*17), and the nonresonant part, which arises from the
grating over the wholg?=[(2m,)?,(mp—my)?] region. direct photon emission@—Vy—VI*17). The branching
The Cabibbo allowed decay®®—K*°u* ™ and DS ratios_ are calculated using an effective Lagrangian, wh.ich
—p*utu” with the predicted branching ratios of the order COmbines heavy quark symmetry and chiral perturbation
10°¢ and 10°5, respectively, have the best probability for theory, and are given in Table I. The. most frequent decays
their early detection. Note that their branching ratios are no@® the Cabibbo allowed decays, which are expected at the
far below the present experimental upper bound. rates, that_ are not much Iowar than the present experlmental
In the Cabibbo suppressed decays, the short distance coRPPer limit: D¢ —p*u*u” is expected at the branching
tribution due to FCNC transitiom—ul®1~ has branching ratio of approximately X10 °, while DO—K*%u* 4™ is
ratio of orderBgp~10 1% and is therefore well masked by expected at 1.210 6. The Cabibbo suppressed decays on

IV. SUMMARY
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the other hand, are typically expected[at7] 10™’ range ACKNOWLEDGMENTS
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APPENDIX A: THE SHORT DISTANCE AMPLITUDES

In this appendix we list the values of the Willson coefficieAts B; and Fi2 in the short distance Lagrangidhyp (3) and
give the resulting short distance amplitud®sc andA{i\V, from Eq. (19).

The coefficients;, B; andF}, have been obtained in the leading order by Inami and [18] and following the notation
of [4] one has

A= CP*+ CZ—sirf 6y (F}+ C?),
Bi= —sirfOy(F}+C)), (A1)
whereCP°%, CZ, F} andF}, are kinematic factors, which depend on fhie-quark mass througk,=m?/m3,

1 X; In x;

3
box_ =
C= Xi_1+(xi_1)2

8

—Y(€:Xi) (A2)

, X 3 1 3 2Xi2_xi
O =4 T Bx—1 B g X HEN)
i 1

i 1 1 13 1 1 1 2 1 (2 1 5 1 1 1 ) |
Fi=0l||—= +— —— Xi+| = +| = —— + - x; [In x;
1=Q 12x-1 12(x;—1)2 2 (x—1)°%" [3x—-1 \3(x—1)%2 6(x—1)° 2((xx—1*"" ™
71+131 1 1 11 3 1 51+11 N2
3 Xi_l 12 (Xi_l)z 2 (Xi_1)3 Xi 6 Xi—l 12 (Xi_l)Z 6 (Xi_1)3 2 (Xi_1)4 Xi n Xi 7(§1Xi)
ol 11,8 1 3 1 3 X7 In x; JJror e 1 8 1 3 %7 Inx
= QT axT 1t a0 2 -3 2 k- T2 x-1 A -02 T2 - 13 T 2 (x—D)*
(A3)

The summation in Lgp (3) runs over down-like quarksd( s andb) to which charm can couple, whil@=—1/3 is the
corresponding charge of the intermediate quavks note thaf, andF, have been calculated [A] using the wrong charge
Q=2/3). The gauge dependent tesr(,x;) [28] cancels out in the combinatiods, B; andF’, (Al). Since the ratiogy, X
andxy, are of orders 10°, 10 ® and 103 respectively, the terms proportional to the powers;ofan be safely neglected in
(A2). With this approximatiorCP®*=C#=—3/8, F}{=—2Inx /(9 —9) andF, vanishes. In this limit the GIM cancelation
occurs and we obtain

> VA= V,Bi=Agp=—0.065. (A4)

Consequently, the short distance Lagrandi@neffectively contains only the vector lepton currdng”l but not the axial
vector| y*ysl one.

The short distance—ul "1~ transition contributes only to the Cabibbo suppressed decays. Here we give the short distance
contributions for the parity conservilypc and parity violatingA,‘;’f, amplitudes, which are needed to calculate the Cabibbo
suppressed amplituded{ D(p) — V(&) P! H(p)1(p2)], Eqg. (19). Within the model used, these amplitudes are given
by the diagrams in Fig. 2:
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Apc(Do*)pol+|_):Apc(DO*)a)l+|_):Apc(D+4>p+|+|_)/\/§

foxAQy Mp, Mp Aspd?
—Apc(DI —K*FIF17)V2=4 ol - — ,
fcab mD q2_ mD* 1677 S|n2 aw

ABUDO—p%*17) = ABUD — wl T17)=ABUD —p 1T 7)V2

i,

Cab

Aspd?
1672 Sir? 6

q’p”
=ABYDS —K* 1T v2=—

10"~ a,

ABL(DO— @01 1 7)=ABY(D— ¢l T17)=0. (AS)

The last equation is a result of E@) and the quark content of th& meson. The relevant constants are presented in Appendix
B.

APPENDIX B: THE LONG DISTANCE AMPLITUDES

In this appendix we give the expressions for the parity conserfisng and parity violating amplltudeAPV, which are
needed to calculate the amphtudAED(p)eV(e(v) p(v))l*(p+)lf(p )] Eq. (19), for nineD—VI*|~ decays. The follow-
ing amplitudesApc andAPV contain the long distance resonant and nonresonant contributions coming from the diagrams on
Fig. 1. The coefficients and constants needed for the evaluation of the amplitudes will be given below:

Apc(DO—K* 0171 7)=43"g,, fp, — KK °Cyynfpom?,
mK* mD*

_ q-p\ a’gq”  ofp”
A’S\”/(DOHK*OIH’):MDOQK*\/ mp ) l

algﬁ_(al ay——

— s
mg) me 7 md
Apc(DS—p*1H17)=43 s g, o, \/ —————2K* Cynfp M3,
s Mp_ m mD* >
B Bv
9fp e
+ 4+ — Z (g?—m?
BU(DI—pTITIT)= 2ngp{D—_m§ LP" = (q°—m?)
S

D+
+M"sg,\Mp_

PPN O ) I A W
19 1 2m%5 m\2/0 2mgsy

Y

_ mD* mD*
Apc(D—p01 T )=—4—q,f
PC p A JoTDx

0
— 2K’ Cyynfpm?
Mo mi_sz* vviipMp

~ @, Sinfccosfc [mp, mp,
—NfpxAgy f 77
cab Mp 04— Mp,

B Bpv
ADO— 11 =M™’g iy o) T -

algﬁ_(al ay m2

a7 5
D mv0 Mp
N~ a, sin O cos O qPp”
+ E gV \/mD f— algﬁv_ (4%} 2 |1
cab mp

094038-10



RESONANT AND NONRESONANT CONTRIBUTIONS @©.. .. PHYSICAL REVIEW D 58 094038

Jo°

- Mp Mp,
Apc(D°—wlTI7)=4—q¢,f
PC 1/29 D*

— "5 — 2K“Cyynfpm3
2 2 vvil!p!llp
Mp mu)_mD*
~ @,Sin O¢ cos ¢ Mpy Mp,
_NfD*)\gV f PR
Cab Mp q°—mp,

a-p\ a’q”  afp”
AgC(DOHwﬁr):MDOQw\/mD )

97— ( RENC

—
D m\Z/0 ? mp
N _ a,Ssin H¢ cos ¢ qfp”
+—guVmp —————— [ 18P —a,—5|,
2 fCab D
mp mp
APC(DO_’ ¢|+|7):4\]Dogd>fD* - *2 _2K‘/’CvVHfDm%,

2
mD m¢_mD*

v — 0
ABYDO— pl *17)=MP g mp

o gv_ ——a q-p q.BqV_a quV
9 ' 2% my 2'mj

— + mD* mD* +
Apc(DT—p I"17)=43° g, fp, \/m_Dm_ZKP Cuvnfoms

~ @p8infc cosfc [mp, mMp,
_\/QNfD*)\gV f Pa
Cab Mp g°—Mmp,

q,BpV . Bv
- 2_ 2
mz_mz_Lp 7(‘1 —my)

ABY (DT —ptITIT)=2 ngp{
D P

o g-p| a’q”  ofp”
a0l agTay— | T T
mp ) my, mg

+MD+gp\/m_D

a,Sin 6 cos 6

a10°"—a,

N _
+—gvVMp
V2

q”p”}
fCab D '

mDS* mDS*

2

+ F1+H1—y— 4 1D
Apc(Dg —=K* TI717) =437 gy, fp s 2
mDS mK*_mDS*

K*+ 2
—2K™ Cyynfp mp,_

a,sin 6 cos ¢ Mp,  Mpy

_\/QNfD*)\gV 5 5
fcan Mp_ q°—Mp,
Bpv Bv
v - arp ++0
ABYUDS —K* 17 )=2fDSQK*[m—LK T(QZ—mﬁ*)

+ g-p qﬁqV qﬂpv
+MPs gy, \/mDS{algﬁy—(al—az—z) — }

2 @27 o
mp | My, mp,

N - a,sin fc cos O qfp”

+—QyyMp, —————— a10P"— a;——|,
V2 * fean mp,
Mp Mp
- + * * *+ 2
Apc(DF—K*F1717)=43° gy, fo, 2 —2KKX Cyvnfomg,

2 2
Mp Mic, —Mp,
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Bv M+ * ]+ — qﬁpv K**gﬁv 2 2
ApUDT=K*TI717)=21fp0ks| 53— L~ —(q°—mg,)
Mp — Micy 2
BV Bpv
+ a-p) 9 q a p
+MP gy, Vmp alg'gv_(al_az_z) T |,
Mp/ My, mp
mD mD ok
Apc(DO—K*F17)=43"g,, fp, ol = —2KX*°Cyyn fpom3,

—
Mp My, —Mp,

AB(DO—K*0*17)=MP gy, \mp

algﬁy_( ay—ay— a;— (BY)

2
o/ My, Mp

q~p) afq” qﬁp”}

Hereq=p_+p, and my, can be approximately taken as the average offthe andp masses. The coefficiendS, KV, LV,
MP andN are expressed as

PO N Jo (82)
2v2 | 2—m2+il,m, 3(g*~mi+il',m,)|’
NG g 9
PN e -~ ,
2v2 | *-mi+il,m, 3(q*-m;+il,m,)
\g 29
Peonh— 2 ,
2v2 3(q°—my+il'ymy)
E*O_ gp Jo 29q§ 1
K_z_z- A2 2 Jr2_2- 2 _ 2
[g°—mo+il,m,  3(q°=m+il',m,) 3(q°—my+il’ ymy)| mp—myi
KK*+: _ gp _ gw " 29¢ 1
| g?-m2+il,m, 3(q*-mi+il,m,) 3(q?—mj+il,my)| ma—mg’
Kot = 24, 1
3(g?—m2+il',m,) my—m2’
Kpo_ 23 9, [flmix(flmix_meix) f:;.mix(fillmix_fémix) V2 Jdo 1
q2—mﬁ+i1‘pmp{ m3—m,2 m3—m,, 3 (9>~ m2+il',m,) m3—m?’
Jo [flmix(flmix_meix) imix( imix_fémix) gp 1
K?=-2v2 22 { 2 + 2 _ +V2 2 2. 2 2
gc—m_+il' ,m, mp—m,2 mp—m,, g —my+il’;m, mg—m7
Kb 4 9y [flmix(flmix_meix) N fimix(fimix_fémix)l
3 (qz—mﬁ,+il"¢m¢){ m3—m, 2 mg—m,, '
1
Lr"

-2 2. ,
g —mo+il’',m,
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TABLE II. The pole massem, decay constantsand decay width§ in GeV; the constantg,, in GeV2.

H my fu P Mp fp \Y my v Ly

D 1.87 0.210.04 T 0.14 0.13 p 0.77 0.17 0.15

Ds 1.97 0.24£0.04 K 0.50 / K* 0.89 0.19 /

D* 2.01 0.210.04 7 0.55 0.13-0.008 ® 0.78 0.15 0.0084

D} 211 0.24-0.04 7' 0.96 0.130.007 ¢ 1.02 0.24 0.0044
LK*+ 1 gp n Yo 29q§

= + ,
2gk+ \@?=m2+il',m, 3(g?-m’+il',m,) 3(g®—m5+il 4m,)

g 90
MP"= 2 2p- t ey . '
q —mp+|l“pmp 3(g°—m,+il',m,)
Dt gp gm
=— +
M q*-my+il',m,  3(g?>-m;,+il',m,)’
MD+=— 29¢
3(q?—m3+iT" ymy)
and
\— 9’ a 295 o
- 2_ 2+'r _3 2 2 1 - 2 2 . ( 3)
g —m,+il’ym, (q°=mg,+il',m,)  3(q°—m,+ilymy)
The functionsf 1mix, fimix» famix @nd f5mix are defined by
f,[1+c® sc
fl iv— T — + — ,
" el f, Tt
, fy[sc 1+¢?
Imix \/g_f77 fn’ ’
f,[1-5c? 5Bsc fn,[—Ssc 1—532} ®
fomix="—"= ——| and f=—F + , B4
miXx \/g_ f” f,,’; mix \/g f,l f,lr

wheres=sin 6, c=cosép and 8~ 20 is the »— ' mixing angle. The values of the masses, decay constants and decay
widths used are given in Table II.
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