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c—u+y in Cabibbo suppressedD meson radiative weak decays
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We investigate Cabibbo suppress®t, D", andD/ radiative weak decays in order to find the best mode
to testc—uy decay. Combining heavy quark effective theory and the chiral Lagrangian approach we deter-
mine the decay widths. We calculdf¢D%— p® w)/T'(D°—K*?y), previously proposed to search for pos-
sible new physics. However, we notice that there are large, unknown, corrections within the standard model.
We propose a better alternative, the rdtitD; —K* " y)/T(DJ —p™y), and show that it is less sensitive to
the standard mode]S0556-282196)04721-3

PACS numbe(s): 13.40.Hq, 12.39.Fe, 12.39.Hg, 14.40.Lb

According to the standard model, the physics of charm We calculate the ratios between various Cabibbo sup-
mesons is not as exciting as the physics of bottom mesonzessed and Cabibbo allowed charm meson radiative weak
[1-3]: the relevant Cabibbo-Kobayashi-Maskaw@KM)  decays, as predicted by the standard model. Analyzing them
matrix elementsV, and V4 are well known, theD%-D®  we notice that the relatiofl) can be badly violated already
oscillations andC P asymmetries are small, weak decays ofin the standard model framework, while a similar relation for
D mesons are difficult to investigate due to the strong finaP radiative decays, i.e.,
state interactions, and very small branching ratios are ex- T(Df—K**y)
pected for rare decays. However, authdrs3] have noticed R¢= 5+—+7
that theD?-D? oscillation andc— uy decays obtain contri- I'(Ds—p"7)
butions coming from nonminimal supersymmetry which arepffers a much better test far—uy.
not present within the standard model. Therefore, these two Egxperimentally, radiative decays @& mesons have not

phenomena might be guides for a signal of new physicsyet been measured, while the known branching ratios of
Namely, the authors of Ref[1] showed that in p« radiative decayfll,17 can be described using the com-
D% p%w)y some nonminimal supersymmetric models bination HQET+ CHL'’s [10,13,14.
give a contribution of the same order of magnitude as the Tpe initial HQET ideaq 15,16/ were implemented with
long distance contribution within the standard model. Theihe chiral Lagrangian formalism for light pseudoscalar me-
short distance contribution ©—uy determined by the stan- sons first in[6—8], and the electromagnetic interaction in-
dard model is found to be negligible},5], so we will not  cjuded in[13,14,17. Subsequently, the light vector mesons
take it into account. But, as observed in R&fl, new physics  yere introduced[9], following the hidden symmetry ap-
can generate— uvy transitions leading to a deviation from proach[18]. We will follow the model described ifi10],
the standard model predictidffior the long distance contri- \where in addition td9], the electromagnetitEM) interac-
butions only in the chiral limit tion was introduced.
Let us briefly describe the relevant terrfer the charm

= — = (1)  meson radiative weak decaysf the Lagrangiar{10]. The

I'(D%—K*%) 2 main contribution comes from the odd-parity Lagrangian

=tarf 0 2

B I'(D%—p%wy) _tanzec

plw

(the factor 1/2 was overlooked in Ref4,,2]). However, in _ Cvmy wvap

order to distinguish a hypothetical new physics signal from Logs=—4e\2 g T {0, QB )
the standard model background, one must make it sure that Cuvil

the standard model chiral symmetry-breaking terms do not —4
cause too large deviations from Ed). The purpose of this oy P

paper is to check how sensitive the rati) is and how )‘ eTr[HaUWEV A(B“h]

similar it is with chiral symmetry breaking. As a theoretical HINTIHa0,,F*"(p)apHb], ©)
framework we use a hybrid theory: a combination of .heaVY\NhereCVVH=0.423,C\,Hyz —3.26x10°2 19,20, f=132
quark effective theory(HQET) and chiral Lagrangians Mev is the pseudoscalar decay constant, while the phenom-

(CHL's) [6-10. This approach, accompanied by the factor-enological parametets and\’ are constrained by the analy-
ization hypothesis, enables us to use the standard model rgis[10];

sults for electroweak processes. It is possible to apply other
approaches such as, for exampd, but the result which IN"+ $\|=(0.50+0.15 GeV !, 4
indicates the deviation from ta6. cannot be very different
from ours obtained with HQEH® CHL's. In fact, our results
agree with[4] within the uncertainties.

6ﬂvaﬁTr( a,u,p V&aPBH)

A
|>\’—§|<o.19 Gev'l (5)
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In Eq. (3) IT andp,, are the usual pseudoscalar and vector Ge o o o
Hermitian matrices cS\f,f(Ac: 1)=- E[al(ud’)“(s 'C),tay(s'd" )#(uc),],

II (12

0 where @10,)*=0,v*(1— ¥°)q,, G is the Fermi constant,
W_+ ﬂJrﬂ at K+ anda, , are the QCD Wilson coefficients, which depend on
V2 6 3 the energy scale.. One expects the scale to be the heavy
0 quark mass and we take=1.5 GeV which givesa;=1.2
. — 7T_+ 18 +@ KO anda,= — 0.5, with an approximate 20% error. Since we are
- 2 6 3 ' interested only in the physics of the first two generations, we
can express the weak eigenstadéss’ with the mass eigen-
K- KO 2B, statesd, s using the Cabibbo angle instead of the CKM

\/5 \/5 matrix:
6) d’ cosfc —sindc)\ [ d
o s’ | 7| sinf: cosh: s 13
V2 Pu ” with sing.=0.222. Possible contributions caused by the
o penguin-type diagrams are found to be very sméll
- TPty K* 0 (7) Many heavy meson weak nonleptonic amplitufizs—23
N # have been calculated using the factorization approximation.

_ — In this approach the quark currents are approximated by the
K% K*O ¢ My o .
© © 2 bosonized” currenty6,9,10, of which only

(?C)Iu:i(mD*afD*aD;a_mDafDaU’uDa), (14)

with 7= ngCoh—7sing, 7' = ngsind+n,cosx® and 6
=—23° [11] is the »-»' mixing angle. Q=diag(2/3, (Qp0a) = — f 9T 4o+ myfypk, (15

—1/3,— 1/3) is the light quark sector charge matrix, ) . ) )
will contribute to our amplitudes. The numerical values for

H,=3 (1+4)(VMpax D5* y*— ympaD?ys), (8) the masses will be taken frofil] and for the decay con-
stants from23].
where Di* and D2 annihilate, respectively, a spin-one and It is now straightforward to calculate the decay widths.
spin-zero mesortg® (q®=u, d or s) of velocity v, and The result, of course, depends on the numerical values we

Ha=7"H1y°. Finally, F,,(p)=d,p,— 3.+ [pu Pul, P take for 0" +2\/3) and A" —\/3).

=igyp,/y2 with g,=5.8[9], andF ,,(B)=3,B,~3,B, +Apari from the Cabibbo allowed decaf®—K* 0y %nd
with B,, being the photon field with the EM coupling con- Ds —p" 7, five once Cabibbo suppressed % p°y,
stante. D% wy, D~ ¢y, D" —pTy, D —K**y) and two dou-

The first (third) term in Eq.(3) describes the anomalous bly Cabibbo suppressedf—K*%y andD*—K* *y) de-
direct emission of the photon by the ligktteavy meson, cays are possible.
while the secondfourth) term, together with the vector me- In the quark picture the neutral charmed meson decays
son dominancéVMD) coupling can be viewed asW exchange in th&(u) channel, resulting
in the amplitude proportional t@,, while the charged
\ﬁfﬁ“) ©) charmed mesons decay viasichannelM exchange and are
3 ' proportional toa;. We assume for the moment that none of

] o ) . . the high-lying mesons contributes as an intermediate state to
describes a two-step photon emission, with an intermediatg,,, decays. We will come back to this point after presenting

neutral vector meson with mass,, which transforms to the  he results.
final photon. We write the amplitude for thB9— V9, whereq stands

A charged charm meson can emit a real photon alS@qy the charge 0D meson =1 stands for+ charge, while
through the usual electromagnetic coupling q=0 is for the neutraD mesons

p0//-+ }w,u_

Ly 3

Y

———mz—e B
i
gv *

Len= —ev“BMTI’[Ha(Q_Z/?’)abH_b]' (10

(1) [Z N
Chvy€uvapki e, v ey

G
A(D9—=Viy)=e—K_.a
while a charged light vector meson can produce through ( V) V2 a(a)

1 ~ ~ 6* . p E* . k
ﬁvvvzz_g\ler[F,w(P)F””(P)] (13) +in32\),ymV( €€y~ $>

py-K (18

first a neutral vector meson, which subsequently transformwith a(+1)=a, anda(0)=a,. (k,€,) and (py,€y) are the
via VMD (9) to a photon. four-momenta and polarization vectors of the photon and

The weak Lagrangian is approximated by the currentvector meson, respectively, white is the four-velocity of
current-type interaction the heavy meson.
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TABLE I. The bVPi coefficients defined in relatiofl9), where
s=sinf, c=coss, andf is the -’ mixing angle.

0 ’

™ n Y
p° 3i —%c(c—\/is) \/lis(\/—chs)
1
) > 3\/_0(0 V2s) 3@5(\/—C+S)
¢ 0 gc(\/icws) f\/?is(cf\/fs)

The overall factorK. contains the Cabibbo angle and is
equal to codc? for allowed decays, tor sinfcosfc (when
there is nos quark or antiquark in the finaV) or
—sindcco (when there is at least orsequark or antiquark
in the finalV) for once suppressed decays and-tsind.? for
double suppressed decays. The coeffici&@its in Eq. (16)
can be written as

1
Chv, cwng—+cvny 4\/§fDm%bV+4[)\’
Q))\]fD*fVm 2\/mDmD*bo, a7
D*
DVy =qfpfy. (18

The coeff|C|enth is equal to (2/?rq)/(m —mp) for
V=(K*°, K*, p* K**), for which P=(K°, K° =",
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FIG. 1. The ratio R, /tand? as a function of the combination
N'+2N/3. The full (dashedl lines denote the experimentally al-
lowed (forbidden values for this combination. In the(B) symme-

try limit of the standard model this ratio is equal to 1.

destructive interference between the photon emission by the
heavy meson and that by the light meson. A similar effect is
possible also in the decap®— p°y, only that the zero is
achieved at a different value of\ (+2/3\), because the
model parameters are here slightly different due @)U
breaking. It is obvious that such a large sensitivity to the
model parameters does not allow us to conclude anything
about new physics. IfN'+2/3\) turns out to be positive,

K*). For the remaining final state vector mesons this coefthe decays are much easier to detect experimentally, and also

ficient is expressed as
3 bVPi

bY=">

——, 19
=1 sz—mg,i (19

where the pole coefficientsPi are given in Table I. Fur-
thermore, we haveésy =—1/y/2 for V=p° by=1/\/2 for
V=, andby=1 otherwise.

the theoretical situation is clearer, since the curve is ap-
proaching the ideal theoretical value. A large disagreement
with the theoretical predictioril) would give in this case
some sign of new physics. It is easy to find that a similarly
definedR,, is almost identical tdR,, which shows that the
singlet-octet mixing in the light pseudoscalar sector is unim-
portant. The reason for this is the strong off shellness of
these light pseudoscalars, which makes the mass differences

In Ref.[1,2] it was noticed that a nice bonus can be ob-negligible.
tained by measuring the charm meson decay width As mentioned earlier, a fair description of these decays

D — p/ wy which is generated by— uy transitions. Namely,
the authors claim that observing the violation of Ed)
would then eventually signal new physi€§]. Using our

should involve the contribution of high-lying resonances
with pion or kaon quantum numbers to the annihilation-type
diagrams. If such states exist close to & mass, they

model, which describes low energy meson physics within theould even dominate, being enhanced by a faaida, with
standard model, we find that this relation does not exactlyespect to the considered direct annihilation diagf@®.

hold due to U3) breaking. We assume that the leading effectHowever, this would not improve the prediction of the ratio
of this breaking is to change the values of the masses and), since such high-lying states are not definitely confirmed
decay constants for different members of the same multipletsy experiment, and not much is known about their proper-
and between octet and singlet. However, one would naivelyies. So, even if such states are important, which is not clear,
expect deviations from this limit in the standard model of thewe cannot predict reliably the ratid).

order of 20—-30%. We will see that this is not true for the

D%—p%wy decay, but is correct foD; Cabibbo sup-
pressed radiative weak decay.

Within our frameworkA and\’ are the most important
parameters for charm meson radiative dedags, and there-

The ratiol'(D°— ¢)/T"'(D°—K*%y) would indicate the
deviation from tad.? instead of tafc?/2 such as for the
p,w case. However, our calculations show that it behaves
similarly to D°— py, and therefore, it is not very useful for
investigatingc— uy physics.

fore, we present the ratios of the decay widths as functions of The decayD*—p™* vy is also not very useful for the pur-

combinations ol and\’. Our result forR, (1) is shown in
Fig. 1. If the combination of X’ + 3\) turns out to be nega-
tive, the ratio R, can approach 0. As is known from
DO K*%y [10], the negative values\( +2/3\) cause a

poses of finding new physics, since tB¢ does not have
Cabibbo allowed decays.

Contrary to the above cases we find that the decay
DJ —K* "y offers a much better chance to test new physics.
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It is important to stress that our proposal to search for new
physics in the chargeD decays instead of the neutral ones,
is not a direct consequence of only our model. The same
conclusion would also be reached in other models. The main
/ point is that the chargeld meson decays have a contribution
130 | s/ 1 from the direct photon emission diagram. This contribution
/ does not mix with the anomalous contributions, causing the
results to be more stable against small($tbreaking dif-
ferences.
We point out that it is difficult to observe all these decays.
In fact, the Cabibbo allowed decays are already rare: the
branching ratio foD°— K*°y is smaller than 0.8 10~ * for
(N+27\/3)<0 and  around (2-4)x10°%  for
(N +2\/3)>0, while for D —p* y the branching ratio is
%50 .10 010 0.30 around(2-7)X 10°° [10].
(V-M3) [GeV'] We determined the amplitudes of Cabibbo suppressed ra-
diative decays using the combination of heavy quark sym-
metry and chiral symmetry, which constructs an effective

1.20 | 1

FIG. 2. The ratioR¢ /tand2 as a function of the combination

N’ —\/3. The full (dashedlines denote the experimentally allowed strong, weak, and electromagnetic Lagrangian. This theoreti-

(forbidden values for this combination. In the(B) symmetry limit
of the standard model this ratio is equal to 1.

Using the general formulas for the amplitudds) it is easy

to

only in the U3) limit. The result forRx as a function of
(N"—=1/3\) is presented in Fig. Znote the different scale
relative to Fig. 1. We notice that the result is rather stable
within the allowed region for X' —1/3\). The deviation
from relation (2) is due to W3) breaking and is of order
30%, as one expects. Also, contrary to (2 case, the con-
tribution of high-lying resonances close to th§ mass, as-

cal framework simply illustrates the characterictics of these
amplitudes in the standard model. In our framework two pa-
rametersh and\’, are not well known. We calculated the
dependence of the ratio between the Cabibbo suppressed and
Cabibbo allowed decay widths on these parameteand

\’. We found that it is better to search for a signal of new
physics coming from c—uy decays in the ratio
(D —K**y)IT(Dg—p*y) instead of the proposed ratio
I'(D%— p% wy)IT(D°—K*%y) [1-3)], as the former is less
sensitive to the standard model parameters.

derive a deviation from Ed2), which is exactly correct

This work was supported in part by the Ministry of Sci-

suming that these states exist, is suppressed by a factence and Technology of the Republic of Slove(aB. and
a,/a; [22]. Thus, if the experimental data are found to lie far S.F) and by the U.S. Department of Energy, Division of
off the curve in Fig. 2, one can interpret this as a possibleHigh Energy Physics, under Grant No. DE-FG02-91-

sign of new physics.
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