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We present a detailed analysis of tBe—Vy transitions, using a model which combines heavy quark
effective theory and the chiral Lagrangian approach and includes symmetry breaking. We notice that in
addition to the previously consideredchannel annihilation and-channelW exchange, there is a long-
distance penguinlike—u+y contribution in thet-channel of Cabibbo-suppressed modes. Its magnitude is
determined by the size of symmetry breaking, which we calculate with a vector dominance approach. Although
smaller in magnitude, the penguinlike contribution would lead to sizable effects in case of cancellations among
the other contributions to the amplitude. Thus, it may invalidate suggested tests for beyond the standard model
effects in these decays. We also indicate the range of expectations for the branching ratios ofDraridys
modes[S0556-282197)08019-3

PACS numbgs): 13.40.Hq, 12.39.Fe, 12.39.Hg, 14.40.Lb

[. INTRODUCTION nine D—Vy transitions, by using a hybrid model which is a
combination of heavy quark effective theofQET) and
The study of weak radiative decays of charmed mesons ishiral Lagrangian[8]. We include systematically SB)
still in its early developing stage. No such events have beebreaking into the amplitudes derived from it with particular
observed so far and there is no published upper limit§dfet attention paid to the coupling of vector mesons to photons as
for weak decays oD mesons involving emission of real determined from experiment.
photons. On the theoretical front, the treatment of these de- An additional contribution to the radiative decays is due
cays faces a different situation than encountered in the amply, the ong-distance— u'y transition. The similar contribu-
studied weak radiative decays Bf and K mesons. In the  tions involved in the radiative decays bfands quarks have
former, flavor-changing radiative decays can be interpretefeen analyzed recently in several papers. The basic idea is to
at the quark Ievgl as dominated by th_e' short-distance eleCtr%'onsider[lz] the long-distance penguinlike quark process
magnetic penguin, i.e., the—sy transition[2]. In K-meson —q+V, in which the pairs of quark-antiquark produced in

decays, both _short-_distance "?‘Ud long-distance con_tril_autiort e weak process materialize into vector mesons. These vec-
may compete in various transitiof@. In the weak radiative tor mesons are then allowed to convert into photons via the

decays of charmed particles, the short-distanceuy pro- usual vector dominance process. Using this procedure, the
h h [ ligibl ibutibh]; . : ' ; '
cess has been shown to give a negligible contribUinB; r5:“)Ir_1g-d|stance effects iB—s(d)y have been estimated

as a result, these decays present the challenge and oppo . :
nity of developing the required theoretical treatment for th 12’13+W1th improved accuracy, as well as the effect in the
B—XI"I~ decays[14]. In Ref.[13] it was shown that the

long-distance dynamics involved. _ REL LI vl

The importance of a reliable description for these |Ong_long-d|stancesﬂdy transition is likely to be significantly
distance transitions is enhanced by the observdgf that larger than the short-distance one. It was also pointed out in
these decays provide also the interesting possibility for testthis paper that the size of this long-distance contribution,
ing physics beyond the standard model, particularly nonestimated with vector meson dominance, is determined by
minimal supersymmetric models. flavor symmetry breaking.

The first comprehensive phenomenological analysis of all In this paper we consider the effect of the “long-distance
possibleD—Vy weak decays has been presented only repenguin” embodied in the—uy transition, in theD me-
cently[4]; several other papers have considdred10] spe- Sons weak radiative decay§lhe role of this transition in
cific modes, using various models. On the basis of the startharmed baryon decays is discussed in RE5].) When we
dard model weak Hamiltonian with QCD correctidrid], it include this contribution which is proportional to the Wil-
emerges[7,8] that in the quark picture without symmetry son coefficient, with SUB) symmetry breaking, we find that
breaking the neutral charmed meson radiative decays can Beis newly considered contribution is present in the Cabibbo-
viewed as due taV exchange in thei(t) channel, their am- suppressed weak radiative decays of charm mesons. The in-
plitude being proportional to tha, Wilson coefficient. The clusion of the long-distance—uy affects certain simple
charged decays on the other hand, evolve from annihilatiofelations among the decay amplitudesD%¢p°y)/
diagrams, and their amplitude is proportional to ¢heWil-  (D°—K*%y) and OJ—K**)/DJ—p*y) which were
son coefficient. noted previously{6,7] and were suggested as possible tests

In the present paper we calculate the decay amplitudes fdor new physics. The effect is not present in the amplitudes
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of the Cabibbo-allowed decay@’—K*%y andDJ —p*y. 0+ o
We point out that as a result of the Glashow-Iliopoulos- k__F Py Kfﬁ
Maiani (GIM) mechanism, the long-distance—uy contri- V2
bution will vanish in case of exact §8) symmetry. B -’ +w
Using a hybrid mode[8] and including systematically Pu= p, —L KO @
SU(3) breaking into amplitudes derived from it, with particu- V2
lar attention paid to the coupling of vector mesons to photons K;‘ K_;O D,

as derived from experiment, we calculate all the-Vy

transitions. The numerical values of these amplitudes are dis-

played in Tables Il and Ill. Since the relative phase of dif-for the pseudoscalar and vector mesons, respectively. They

ferent contributions is unknown, we cannot make firm pre-are usually expressed through the combinations

dictions for the expected rates. Nevertheless, taking this )

uncertainty into account and after fixing some of the con- u=ex;{E) )

stants of the model, we are able to indicate a fairly limited f)’

expected range for branching ratios of certain modes. Thus,

we show that the Cabibbo-allow&{ —p*y is expected to Wheref=f_=132 MeV is the pion pseudoscalar decay con-

have a branching ratio of (34.5)x1074 while the stant, and

Cabibbo-suppressed decdys —K**y, D*—p™y are ex- _

pected to occur with branching ratios in the{2)x 10 ° ~ 9

range. Pu=l 5 Pu
In Sec. Il we present the theoretical framework for our

calculation. In Sec. lll we display the explicit expressions ofwhereg, =5.9 was fixed in the case of exact flavor symme-

all calculated decay amplitudes and in Sec. IV we summarizgry [19]. In the following we will also use gauge field tensor
and compare with previous calculations. FW(,”J);

4

Il. THE THEORETICAL FRAMEWORK Fup)=0,p,=0uput[ppu.pyl- 5

In this section we present in detail the theoretical basidt is convenient to introduce two currenﬁS,L:%(uTD#u
needed for the calculation of ti2—Vy amplitudes, which +uD,u") and.4,=3(u'D, u—uD,u"). The covariant de-
evolve from long-distance dynamics. This basis covers theivative of u and u' is defined asD,u=(d,+B,)u and
strong and weak interaction sectors and throughout the prey uT;(ﬁﬂ_}_ éﬂ)u‘", with é’u:ieBuQ* Q=diag(2/3;-1/3,
sentation we explain our considerations for the choice of 'y/3) B,, being the photon field.

relevant numerical parameters. The light meson part of the strong Lagrangian can be
written as[19]
A. Chiral lagrangians, heavy quark limit,

) 2
and vector meson dominance f

_ . . Ligh=— % {tr(A, A*) +at] (V,—p,)?T}
We incorporate in our Lagrangiai6] both the heavy

flavor SU2) symmetry[17,1§ and the SU(3)XSU(3)g 1
chiral symmetry, spontaneously broken to the diagonal + TZtr[FW(,S)F””([))]. (6)
SU(3)y [19], which can be used for the description of heavy 29y

and light pseudoscalar and vector mesons. A similar La- ] o o

grangian, but without the light vector octet, was first intro- The constana in Eq. (6) is in principle a free parameter. In
duced by Wisd20], Burdman and Donoghy@1], and Yan the case of exact vector meson c_jomlnarﬁve/lD) a:2_ _
et al.[22]. It was then generalized with the inclusion of light [19,24. However, the photoproduction and decay data indi-

vector mesons by Casalbucet al. [23]. cate[13] that the SW3) breaking modifies the VMD in
The light degrees of freedom are described by the33 1 y
Hermitian matrices Ly = —eﬁvszM PO+ §(M— ?CD'“ _ )
™ 78 7o + K+ o
5+ %ﬂL 7 m Instead of the exact S8) limit (g,=my/f ), we shall use
the measured values, defining
0
. - M8 7o 0
- m AN (V(ev,a)V,|0) =€l (@gu(a”). ®)
B = 278 7o The couplingsgy(m?) are obtained from the leptonic decays
K K - %JF 73 of these mesons. In our calculation we Lg;emi)zgp(O)

=0.17 GeV, g,(m2)=g,(0)=0.15 GeV¥, and go(m3)
(1)  =ge(0)=0.24 GeVt.
Both the heavy pseudoscalar and the heavy vector mesons
and are incorporated in aX4 matrix:
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Ha= ©)

1
5 (1+8)(PL,v*~Pays),

wherea=1,2,3 is the SU(3) index of the light flavors, and

P%.. Pa, annihilate a spin 1 and spin 0 heavy me&pay, of

velocity v, respectively. They have a mass dimension 3/2
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9o 9 29e)| Cyvn

skt =2l =t 35 =
gK K™y Z(Smw mp 3 m(b fK ’ (16)

9 9 29a| Cvwn
9K*°K°v—2(3—mg m 3m) Tt

instead of the usual 1, so that the Lagrangian is in the heavy

quark limit mg—c explicity mass independent. Defining
moreover

— 1
Ha="Hay’= (PLv"“+Pays) 5(1+4), (10

we can write the strong Lagrangian as
Lever™ Elight+ iTr(HaU,uDﬂHa)"' igTr[Hb')’M')’5(AH)baHa]

+iBTr HbUM(V'u— ;)'u)baH al
2

B T ). (11

WhereD”H_a=(aM+VM—ieQ’BM)H_a, with Q' =2/3 for ¢
quark[8].
It contains two unknown parametegsand 8, which can-

At this point, we have the choice of using the symmetry
value Cy\;=0.33, or using a best fit by comparing Egs.
(149—-(17 to the experimental valuegl]: I'(w—m7y)
=(7.25+0.5)X 10 * GeV, [(p"—n*y)=(6.8+0.6)

X 10 ° GeV, I'(p°— 7%y)=(1.2£0.3)x10 * GeV,
I'(K**—K"9)=(5.0+0.5)x10 ° GeV, TI'(K*°—K%y)
=(1.2+0.1)x 10 % GeV. We choose as a best fit the value
Cyyn=0.31, which reproduces the observed width of
K** K"y and gives I'(o—7y)=9.8X10 % GeV,
I'(p—my)=7.7<10"° GeV, I'(K*°—=K%)=1.42x10"*
GeV. Comparing these figures with the experimental results,
it is obvious that the inclusion of VMD with S@3) breaking
improves the results obtaing@4] for exact SUY3). We re-
mark that the inclusion of S(3) symmetry breaking effects
for these decays has been suggested often, including its in-
clusion inCyyy [25—-27. Our approach here takes into ac-
count VMD with the observed values gf, andm,,, without
additional symmetry breaking parameters, while the ap-

not be determined by symmetry arguments, but must be fithygaches 0f25,26 make fits using available experimental
ted by experiment. It is the most general even-parity La-ata onl'(V—P7y).

grangian in the leading heavy quark maseq-<) and We will also need the odd-parity Lagrangian in the heavy
chiral symmetry(m,—0 and the minimal number of deriva- gector. There are two contributiof&,28] in it, characterized

tives) limit. o by coupling strenghta and\’. The first is given by
The electromagnetic field can couple to the mesons also

through the anomalous interaction, i.e., through the odd par-
ity Lagrangian. The contributions to this Lagrangian arise
from terms of the Wess-Zumino-Witten kind, given 84—

26]

Elzi)\Tr[Hao'p.vFMV(lA))abe]- (18)
In this term the interactions of light vector mesons with
heavy pseudoscalar or heavy vector mesons is described. The
light vector meson can then couple to the photon by the
standard VMD prescription. This term is of the ordek 1/
with X\, being the chiral perturbation theory scéR9].

The second term gives the direct heavy quark-photon in-
teraction and is generated by the Lagrangian

4 CVVl'I

L=~ e PTH(d,p,0,p611). (12
The couplingCyyq can be determined in the case of the
exact SU3) flavor symmetry following the hidden symmetry
approach of [19,24 and it is found to be
Cyvi=302/327%=0.33. In the following we use the VMD
(7), however we allow for S(B) symmetry breaking in the
couplings of vector mesons to photon, which is expressed byhe parametex’ can be approximately related to the charm
the physical values ofj, and my,. The decay width for quark magnetic moment vie'=1/(6m.) [17,22,29,3Qand
V— Py can be written as it should be considered as a higher order term imglex-
pansion[29,30.

In order to gain information on these couplings we turn to

Lo=—N\'Tr{H,0o,,F*"(B)H,]. (19)

2_ 2.3
a (my—mp)

F'V=Py)=3; m |9veyl®. (13 an analysis oD*°—D%, D**—D*y, andD**—D/y
decays. Experimentally, only the ratios R(;
Using Egs.(12) and(7) modified as explained above, and =I'(D*°—-D%)/I'(D*°-D%° and R =I(D*"

taking the experimental value for thé-meson decay cou- —D*y)/T(D**—D*x%) are known1]. Using VMD with
pling fx=0.160 GeV we find Egs.(11), (18), (19) we calculate

9, Cvvii f2 [pF)\3 3
Jomy=4—% : (14) o_ PPy iy O (9, 9o
Y m? f_ R,=64ma — p?T N+ > mi Smi
(20)
:49_‘“CV_VH (15)
omy 3m;, f. and
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+\3 -~ 2 <
R+=647Toz—2<p—y) { '— &<%— gw) \;’Y
Y 21 p ov2 \m2 3m; =
(21) o
, S 1 d,s
Numerically, the inclusion of S(3) breaking changes /// \
IN"+ )] in R} to becomd\’+0.77A| and|\' — 3\ in R, ¢ [ w ) u
becomes |\'—0.427A|. Taking the R}=0.616 and VA AVAVaTE
R;=0.036[1], we obtain two sets of solutions fdK'/g| q q
and |N/g|. The first is |A/g|=0.533 GeV'l, |\'/g]
=0.411 GeV* and the second ig\/g|=0.839 GeV?, FIG. 1. The long-distance penguinlike-uy transition.

[N'/g|=0.175 GeV'1. In our calculation we have the com-
binations |\’ +0.77\|=0.821g| GeV ! and [\’ —0.427|

=0.183g| GeV . ForDJ*D/ y one derives the coupling H[c—Up(w,d)]= &azv VEOYH(1— ys)C

IN' = NGy /V2ge/3m3|=|N"—0.32\]. Unfortunately,R;r is V2 e

poorly known, essentially within a factor of Bl], which

could induce rather large errors in our determination of these {_Ep i(iew —e‘b> (24)
constants. On the other hand, one should mention that the AR B N

values we use foR; ,R‘; fit well the theoretical expectations

for these ratios, as determined in rather different modelshis equation is not in a gauge invariant form as necessary
[28-31]. N o _ for replacement o¥ by vy using VMD in order to calculate
In addition to strong and electromagnetic interaction, Wethe c— uy from c—uV. We employ a procedure which was
have to specify the weak one. The r)onleptonic weak Lazgyanced by Deshpande, Trampetimd He[12] and by
grangian on the quark level can be written as u$lial: Golowich and Pakvag@3] in treating the similab— sy via
JIV (see alsd34]). Thus, one applies the Gordon identity
. o o [12] to extract the transverse part needed inhe y tran-
LS (Ac=As=1)=~ -5 VuaVeq[a1(UG)Y-A(QjC)v-n,.  sition

+,(UC)y—a (@)Y A, 22 muy*(1—ys)c=(2P*—qg*)u(1+ys)C

—iuo*"q,(1+ ys)c, (25)
whereV;; are the Cabibbo-Kaboyashi-Maskow@KM) ma-
trix_elements, G is the Fermi constant and¥W,)* where the term proportional tm, has been neglecteB* is
=, y*(1— y%)W¥,. In our calculation we usa,=1.26 and the ¢ quark momentum and* is the V momentum. Ifc
a,= —0.55 as found if11]. quark is at rest, then the PZL—q“)e\T’ﬂ:O, giving the fol-
At the hadronic level, the weak current transforms adowing transverse part of the—uV amplitude:
(3.,1g) under chiral SU(3)xSU(3)g being linear in the

heavy meson field®? andD*? and is taken afl6 G
v g b1ol A[ceup(w@)h:;;azvudvzd

Jok="LiaT y*(1— ys)Hpu},]

+ay Tr ysHp(p#*— V) peul]

x{—g,(m)ex"g,(m’)
) Xer?,—vV2do(m3) e} (26)
+ ar T y*ysHo0 (P =V pcUlal + -, (23

For the calculation of long-distance penguin contribution
to D—Vy decay amplitude, one can to use the-VV’
decay amplitudes allowing then the transitighi—y. The

simplest prescription for the gauge invariant VMD was given
by Sakurai 35], extending the standard VMD Lagrangian in

where a=fy\my [20], a; was first introduced by Casal-
buoniet al.[23,32], while a, was introduced if16]. It has
to be included, since it is of the same order in thed/and

chiral expansion as the term proportionald@ [16]. Eq. (7)
B. The c—uy long distance contribution 1
N —Hyeng e R _ £$,X£y:eg—\§ — SF,,Ver—3VBH|, 27)
In addition to the photon interaction discussed in the pre- my 2

vious subsection it was notic¢d2,13 that the SU3) break-

ing causes a long-distance penguinlike contribution proporwhere JX is a conserved electromagnetic current given by
tional to the a, Wilson coefficient as shown in Fig. 1. Eq. (7), V** is the vector meson field strength tendgt”
Knowing thatV,4Vi,= — VsV, and using factorization one =g*V”—g"V*, andgy is defined in Eq(8). This approach
derives[12—15 the effective Hamiltonian foc— up(w,®) has been used by,33,34. Here we follow their procedure
transition and we derive the VMD amplitude fa— uy to be given by
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Gr UoH(1+ y5)C follow their approazch, since the exp_erimental ext_rapolation
A(c—uy)= —a,VyVoy ————— of form factors atg°=0 assumes their pole behavior. They
V2 Me have found32]
1g20) 1950 1930 =
N R R i e e VPV(G00 = — D\ f s —— 2 (32
’ @ ® ma V2 U Omaxt Mpr« —Mp |

(28)
wheremp,« denotes the mass of the corresponding vector

This expressiori28) is now in a gauge invariant form. In the MeSON pole. The monopole assumption leads to

case of exact S(3) symmetry the expression in square

brackets vanishes as a result of GIM cancellations. This ef- /v q)— _ g_VMD,* (Mp +my) (Mpr++Mp—my)

2 .

fect was found to be significantly larger than the short dis- V2 My«
tance one in the—dy [13] andc—uy [15] cases. Then the (33
long distance penguin contribution d—V+y amplitude is
given by For theA, form factor the authors df32] found
Gv Vmp
Gr 1g5(0) 1 95(0) AL (Gmad = = = 200 —— —, (34
ALD(D_’V')’):zaZVudV:d{_E fnlzj s - V2 TMptmy
) and atq?=0
1g50)][  2v(0) oy v
3 m  mp+m Ewaﬁef‘ye” \/ED (mp—my)?
53 pT My DV iy _ = _
ATY(0)=—-g\W2a; Mo+ my Mo | (39

X PPy +i(mD+mv)A1(O)[6*7-e*V o
’ wheremp, . is the mass of thec JP=1" bound state(We

. Ry 1 use the masses s€ anddc bound states to be 2.53 GeV and
—€*7-pye A5 (29 2.42 GeV as in32]) In [1] there are listed data on form
factors aig?=0 obtained fronD* —K*° v, andDJ — @l

where the relevant form factors are defined in the matrix/€cays. FromD*—K* “lv decay the form factors are

element(V(py,ey)|(V—A)#|D(p)), parametrized usually [V°* (0)|=1.0+0.2, |AD*"(0)|=0.55+0.03 and

in D— VI, semileptonic decay d#,11,34,16,36 |ADK*(0)|=0.40+0.08. FromD ! —®l v, decay data it was
extracted[1] |VPs®(0)|=0.9+0.3, |A?S‘D(0)|=o.62to.06

AV R and|A2s?(0)| = 1.0+ 0.3. Using the valuel/(0)| from both
(V(pv.en|(V=A)*[D(p))= mp + My €' PelPaPys decayé and taking the average of the two values derived from
Eq. (33 for |\|, we obtain|\|=0.479 GeV'!. This gives
om |g|=0.58, found from |\/g|=0.839 GeVl The value
+ie g G As(G2) — A(g)]+i (Mp+my) IN/g|=0.533 GeV'! leads to somewhat higher value gf
q than expectedi1].
€. q Using again the average of two experimeraa(0) val-
X| el* Ay(g?) — (mVTm)Z(pju PV“A(g?)|, (30)  ues, we obtaifa;|=0.171 GeV2.
D \Y

Il. THE DECAY AMPLITUDES
where g=p—py. In order that these matrix elements be

finite atq?=0, the form factors satisfy the relatigfl] The amplitudes foD—V'y can be written in the gauge-

invariant form
Mp+m mp—m A[D(p)—V(ey,py)¥(€,,a)]
AS(O) = 5 A+ 5 Ag(@7) =0, (3D R

— GF * ok VA % B
_egvuqichj{euvaﬂq €, P ey Apc
andA3(0)=A0(0)

Now, in order to obtainv(0), A;(0) appearing in Eqg. I
(29) we rely on the knowledge of form factopg®V(0)| and TH(e)-a€; Py Py aey-€)Apy). (36)
|A2Y(0)], determined in the semileptonic decays. Experi-The Ap. and Ap, denote the parity conserving and parity
mentally these form factors were extracted from theyiolating parts of the amplitudg4]. The different contribu-
D*—K%Ily andDJ — @l decays, assuming the pole be- tions to the decay amplitude arising in our model are dis-
havior [1]. The hybrid model 0f23,32, described in the played in schematic form in Fig. 2. The photon can be first
previous section, works well for small recoil momentum in emitted from theD meson which becomd3*, which then
semileptonic decays, or equivalently in the casqﬁgjx. We  weakly decays into vector mesdh Their vertices are pro-
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Y y ~
% % Apc(DI —p* ) =4ay| N ~\ —L 2%
D D* — Vv D (—1 P \ 3v2 My
LW ] LW |
o 9,Mp* Mp*
M @ i :
Mpx =M, Mp,
v
% %Y ol S 2
+4a,|Cynlg 77 ——7. (39
D @ A\ v D D E A\ 3mw mDs_ mZ.
(3a) (3b)
f
FIG. 2. Skeleton graphs for the various contributions to the de- Apy(DS—pTy)=2a, ZD;Q’JZ_ (40)
cay amplitude —Vy. Graph(1) contributes toA8)., graph(2) to mp_—m,

ALY part and graphé3a), (3b) to Apy in Table I.

The long-distance contribution of the penguinlike operators
appears in the Cabibbo-suppress&f {/5,) decay ampli-
tudes and has tha, Wilson constant as coefficent:

portional to a combination ok’ and A, calculated in the
analysis ofD* — Dy decay amplitudes. We denote this part
of amplitude asAl). When calculating these decay ampli-
tudes, we have to remark that theml/corrections coming
from light-quark current, effectively included into thé pa-
rameter, are not necessarily the same as in the case of o, (D*—p*y)=4a,

hS)

A,_k&(g B gw)
2vz\m, 3m,

4

D* —Dvy. This uncertainty unfortunately increases present m

theoretical and experimental uncertainty already present in

the calculation ofD—V+y. The second contribution comes Xszgme*z R /mD*+4al|CVVH|

from the weak decay db meson, firstly into off-shell light Mp« — M}, Mp

pseudoscalar, which then decays iMg. We denote this ¢ o2 Dp

part of amplitudes as{t. . ><< ng) 2Dsz 2|V Sl
The charged charm meson can radiate a real photon from 3my,/ mp—mz Mp+m,

the term—ev*”B,, Tr[H,(Q—2/3),,H;] given in Eq.(11), 19> 162 12

while the charged light vector meson can radiate through the X|—z—5+=—5+=-—|, (41

last term of Eq.(6). Both contributions are present Koy, . 2m, 6m, 3mg

The SU3) breaking effects are accounted fig, fp_, gix

andg, [we takeggs = (Mg« /m,)g,]. ¢ 1
The long distance penguinlike contribution is present in D+ +)=2a pYp +2a AP0

the Cabibbo-suppressed charm meson decays. It contributes PvD =p7y) ! szS— mpz Zmp—m [AL"(0)]

to both the parity-conserving and the parity-violating parts of

2 2 2
the decay amplitude. We denote its contributiorAg$’ and 19, 19, 195
X|l—=—=S%+=—>+=
AL omtem T3mg) 4P
The Cabibbo-allowed decay amplitudes are proportional
to the produciV,4Vz4.
0 fo OxMp*
Ov Q¢ | DsZK*TTD
Apc(DI —K*Ty)=da, [N -\ — —
pc(Ds — Y) 1 3v2 mfb mg*_mi*
— 9v (9 9o s
Apc(DP—K*Oy)=day( N+ —| =5 +—)
pc(D?—K*%y) 2 Zﬁ(mi 3m? Moy
X +2a1|CV\/H|
ngK* mD* mD* mDS
X— 2 +2a,|Cyyrl
* * m f m2
mD mK P Jo gp 2 Jdo Ds "Dy
N2 T2 "3 m2 | 2 — 2
( 9o gp 2 g(I)) fszD 3mw mp 3 Mg, mDS_mK
2 27 7.2 2_ 2
3mg, my 3mg) mp—mg , IVOSK* ()|
(37 TR e M
X _Eg_i_{_lg_i_f_l% (43)
Ap(DO—K*0%)=0, (39) 2m; 6m,  3mg)
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TABLE I. The BVPi coefficients defined in relatiofL9), where
s=sin 6, c=cos#, and d is the - ' mixing angle.

BVPi ’

™ Y 7
0 1 90 1 gp
p —— ——c(c—v2s) — ——9(V2c+s
Y LA A S< )mf,
1g, 1 [} 1 O
@ — = ——cc—\és— - \/§c+s—
® 0 V2 \/2
——c(fc+s)—2- ——s(\fc s)—z—
m(]) m(])
fo Ik 1¢°
Apy(DJ —K**y)=2a; 55 +28,[ — 5
mDs Micx 2mg
19, 105
+=-—=+=-—
6m; 3mg
D *
|ATS(0)]
X (44

Mp — Mg

The Cabibbo-suppressed decaysDff meson involve the
contribution from thexn- '’ mixing and we take the mixing
angle 6= —20° [1]. We present the decay amplitudes for
D%V (VP=p,w,®) as

Apc(DO—V0y)=4a,by

RS ﬁ(g—’ﬁ—g‘”z)
2v2\m;  3m;,

fpOyMp+* Mp*
X— 2 m +4a,|Cyyy
mD* - mV D

g
m

© N

+

N| -
[

«Q
€3N|SN

X fpmabV+2a,| —

© N

IVPV(0)]
mp+my '’

105

— (45
3mg

Wherebg —1n2, b%=1N2, andbl=1. The coefficients

bV are obtained

3 BVPi
bV=)> ———, 46
;1 m3— m?,i (46)

whereP; is 7 for p andw andK for ®. The coefficient8"Fi
are given in the Table I.

TABLE Il. The parity conserving and parity violating ampli-
tudes for Cabibbo-allowed charm meson decays in units
10 8 Gev'L.

D—Vy | Apdl | ARl | Apy]
DO—K*0y 6.4 6.2 0
D pty 1.4 7.3 7.4
Apc(DT—K*"y)
© f * Mp*
—day[n -\ gv(gp 92) D29K 2
2\[ o 3mw mD*_mK*
XA pay Conl| 22y + 32 90
Mo L=V 3m2 m 3 mg
fDm%
—, (48)
Mp — Mg
Apy(DT—K**y)=2a _foGkr (49)
PV 1 sz_mi* ]
APC(DO_)K*O')’)
® f *Mp* Mp*
=4ap|\'+\ ﬂ(g—”ﬁ gz) bBk«Mo =
2\/2 mp 3mw mD* mK* rnD
go 9, 29o\ fomp
+2a,|C -2 s,
2l Cvvnil am, m, 3 m?l,) m3— ma
(50)
Apy(DO—K*%y)=0. (51)

We present numerical results for the parity conserving
and parity violating amplitudes in Table Il for the Cabibbo-
allowed decays and for the Cabibbo-suppressed decays in
Table Ill, where we denotelpc=eG¢ /Vivuqivgqupc and
Apv=eGF/\QquiV§qupV. In our numerical calculation
we usefp =0.240 GeV[1], f,=0.2 GeV, and we take
IN'—0.324|=0.052 GeV'!l, since we take X\
=0.479 GeV! andg=0.58. We use alsfCyy;|=0.31. In

our estimation we did not analyze the errors arising from the
experimental data. In the case Bf — Dy decays they can

TABLE Ill. The parity conserving and parity violating ampli-
tudes for Cabibbo-suppressed charm meson decays in units
10"° GeV L. The last two decays are doubly Cabibbo-suppressed.

D—Vy |Apcl  [Apcl  [Apel  [Apdl ARy
o o AP 195 14
APV(D —p /wy)=2a2m - E HZ+ 6 Ez‘ Doﬂpo'y 8.2 10.7 0.2 0 0.3
D P ® D~ wy 7.3 10.7 0.2 0 0.3
1 gé DOH<I>'y 18.8 134 0 0 0
+ § m—2 . (47) D"—p*y 5.9 13.9 0.2 15.9 0.3
@ DI —K*ty 4.1 23.2 0.2 20.8 0.4
For completeness, we g|ve also the decay amplitudes qh+ _k*+y 1.6 4.2 0 4.3 0
doubly suppressed decay® ™ —K**ry, D°—>K*°y in DO Kk*0y 3.3 3.2 0 0 0

which case the amplitudes are proportiona|\WQ.Vz,|:
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be as large as 10094]. An additional uncertainty is coming In addition to these known contributions, we have found
from the couplings taken rather far from their mass-shelltthat the long-distance penguinlike contribution, proportional
values, although b —Vy decays we expect that these de-to a, Wilson coefficient appears in the charm meson radia-
viations are still quite small. Unfortunately, the sign\df N,  tive weak Cabibbo-suppressed decays. The parity conserving
Cvvii, andgy, cannot be determined from the present ex-and parity violating decay amplitudes obtain typically a few
perimental data and therefore, we are not able to make Comercent contribution of the— uy long distance penguin op-
crete predictions for the decay rates. However, we notice that stor.

the penguinlike long-distance contributionll) is quite Ajthough this effect is not very large, in the case of neu-
small when compared to the dominant con_trlbutlons and itral charm meson decay it might play an important role, due
amounts to a few percent to the decay amplitudes. Neverthgs possible cancellation of the dominant contributions.

less, in the case of neutral charm meson decays it can be At this point, we would like to select and summarize

r_ather Important (_jue to poss_lble_ cancellation of the Contr.'bufhose of our results which have smaller uncertainties and to
tions| andll. This contribution is the only source of parity

violating amplitudes foD%— p%(w) y decay. compare them with previous calculations. Among the

- + + - .
We note that the long-distan@e—uy contribution has a Cabibbo-allowed decay)s —PYs Iess_affected_by_ n-
terference and we expect it to occur with the significant

coefficient i ' n 4
branching ratioB(D; —p*y)=(3—5)x 10 *. Among the
1 gf,(O) 1 gi(O) 1 g(zp(O) Cabibbo-suppressed decays, those involving less uncertain-
A} mi *s m2 t3 ma (52 ties areD"—p*y and D —K**y and we expect their

occurrence with B(D*—p*y)=(1.8-4.1)x10"°> and
which we calculate assuming there is g dependence in B(DJ —K**y)=(2.1-3.2)xX 107 °. These results are fairly
thegy, values betweem{, and 0. Should such a dependenceclose to those of Ref4], but of a more precise range and
occur, it would obviously affect the value @, in view of  present an interesting challenge for experiment. We remark
sensitive GIM cancellation involved. that the prediction of Ref[9] is one order of magnitude
We come now to the relevance of tliis> uy contribution  smaller.
with respect to possible tests for new physics in D decays. Concerning the other decays we calculate, our range of
The ratio of decay widths Rq=(DJ—K*"y)/  predictions is considerably weaker. Thiz2— K*°y could
I'(DJ —p*y) was suggested recently to be used as a test dfave a branching ratio as high ax30 4, but it also might
the physics beyond the standard mofigl It was noticed be orders of magnitude smaller as a result of interference
that in the case of exact $8) symmetryRc=tarf 6. [Up 0 petweenAb. andAl.. Its measurement is therefore of great
the phase space factogys/,)°]. In addition to SU3)  interest. Likewise, the decays’— (p°, °,®°)y could have
breaking effects coming from different masses and COUpranching ratios as large as<20~ %, though in case of large
plings, we notice that the presence of the penguinlike contrinegative interference among various contributions the
bution modifies the ratiRy . If there is no cancellation pranching ratio may be reduced by two orders of magnitude.
among the other contributions to the amplitudes, the modifi- - A main difference between our results and those of Ref.
cation may be several percent only, in the same range qu] is the amount of parity-violation in various decays. These
even smaller than S@) breaking. However, before we gain ythors treab— V'y as driven by —VV' —Vy [33]. How-
enough knowledge from experiment on the size of the amgyer, theD-meson nonleptonic decays are rather difficult for
plitudes, it is rather difficult to expect that the sign of new gy theoretical descriptidid] and the experimental errors on
physics can be seen from the deviations from this ratio. Iy ", \/\' are rather largé1]. In any case, this issue will be
any case, it is instructive to note here that a typical figure for|4rified by the awaited experiments.
the amount of S(B) breaking can be obtained, e.g., by com- Finally, we note that the suggestion that the ratis
paring the calculated ratio APV(DS*?K* Tyl =T(D! —K**9)IT(DI —p*y) [7] or RP=F(D0~>p0’y)/
APV(D;_>P+7):[gK*(m%S_mi)]/[gp(m%S_ M) ]ané. 1 (po_KO) [6] might be useful in a search of a signal for
=1.24 tanf, to the symmetry value of taf,. The ratio physics beyond the standard model, could be invalidated by
R,=I'(D%—p%y)/T(D°—K*%y) offers the same possibil- the presence of long-distance penguinlike-uy contribu-
ity [6] to look for a deviation fronR,= itarf 6. We point  tions in case of large cancellations among various contribu-

out that the same conclusion is valid faf, as forR . tions to the amplitudes. This effect would affect more Rye
ratio.
IV. SUMMARY
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