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ABSTRACT

Combining heavy quark effective theory and the chiral Lagrangian ap-
proach we investigate D meson radiative decays. First, we reanalyse D* —
D~ decays using heavy quark spin symmetry, chiral symmetry Lagrangian,
but including also the light vector mesons. Then, we calculate branching ra-
tios D — V. We make some comments on the Cabbibo suppressed decays
D — p/w~y and the branching ratios of D — PP~ decays.



Experimentally radiative decays of D mesons have not been measured, while
the known branching ratios of D* radiative decays [[l, B] can be described
using the combination of heavy quark effective theory and chiral Lagrangians
A-[E3).

The strong interaction meson Lagrangian for the light pseudoscalar octet
and heavy pseudoscalar and vector triplets in the chiral and heavy quark
limits was first written down by Wise [[G] (see also [H]). The electromagnetic
interactions between these mesons was described in ([, B, ]. The octet of light
vector mesons was included in the Wise Lagrangian [[[@] later by Casalbuoni,
et al. [[F] as the gauge particles associated with the hidden symmetry group
SU(3)g [[[q. The light pseudoscalar mesons are described by the 3 x 3 unitary
matrix u = e:vp(%), (f ~ 132 MeV) with II the usual pseudoscalar matrix
as in ref. [[4], while the octet of light vector mesons is described by the
3 X 3 matrix p, = z'g—\/‘%pu where gy (~ 5.84/2/a with a = 2 in the case of
exact vector dominance) is the coupling constant of the vector meson self—
interaction [[7] and p,, the vector meson matrix. The heavy mesons are Qg”
ground states, where ) is a ¢ quark and ¢' = u, ¢> = d and ¢ = s. In the

heavy quark limit they are described by 4 x 4 matrix H, (a = 1,2, 3) [If]

He = SO+A(P" — Paos) (1

where P;, and P, annihilate, respectively, a spin-one and spin-zero me-
son Q¢* of velocity v,. Following the procedure of [[4] we write down the
even parity strong and electromagnetic Lagrangian for heavy and light pseu-

doscalar and vector mesons:
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where B,, A,, V,, D, are defined in ref. [[4]. In equation (f]) g and 3
are constants which should be determined from experimental data [, B, [[1],
[3, 3. The constant a in (B)-(B) is in principle a free parameter, but we
shall fix it by assuming exact vector dominance [[7], for which a = 2. The
electromagnetic field can couple to the mesons also through the anomalous
interaction; i.e., through the odd parity Lagrangian. We write down the two

contributions of the the odd parity Lagrangian which are significant for our

calculation [[§, [[9]
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Equation () and equation (fl}), together with vector dominance couplings
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which come from the second term in ([f), describe the anomalous type elec-
tromagnetic interactions in the light sector. The interactions of light vector
mesons (and of photons via vector-dominance (f)), heavy pseudoscalars or
heavy vector D mesons is introduced through the higher dimensional invari-

ant operator
,Cl = i)\TT[HaO'“VFuV(pA)abI:Ib] (7)

The heavy quark-photon interaction is genereted by the term

Ly = —NelTr[H,0,,F"(B)H,] (8)

According to quark models the parameter |\| can be approximately re-
lated to the charm quark magnetic moment via 1/(6m.) [0, B, B, . The
experimentally measured [20, 1] branching fractions are R} = I'(D** —
D) /T(D* — D°x%) = 0.572 + 0.057 + 0.081. and RY = (D" —
DY) /T(D** — DTx% = 0.035 + 0.047 + 0.052. With our Lagrangians

these branching ratios are calculated to be
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From the experimental data, we have found [[I4]

N2

55, = (0863 0.075)GeV~! (11)
and

N1

55, = 0089 0.178)GeV~! (12)

In our approach both A and X are considered as purely phenomenological.
The part of the weak Lagrangian for the pseudoscalar and vector, light and

heavy mesons, which we will use, can be written as P2, B3]

L4 (Be=As=1) = — S V.V ay(@d)’_y(50)y—ant

V2
ay(sd)y_a(uc)v-a, | (13)

where V4, etc. are the relevant C'K' M mixing paremeters, while a; and as
are the QCD Wilson coefficients, which depend on a scale . One expects
the scale to be the heavy quark mass and we take p ~ 1.5 GeV which gives
a; = 1.2 and ay = —0.5, with an approximate 20% error. Many heavy
meson weak nonleptonic amplitudes P2, B3, B4 have been calculated using
the factorization approximation. The quark currents are approximated by

the corresponding meson currents [R5 defined later in eqs. () and ([7):

(7Q)V_a 7" (1 —7")Q ~ Jo! (14)

(q_an)/\l/_A = %7“(1 - 75>Qa = qub (15>

4



In order to describe weak currents we use the "bosonised” versions like [[[4],

[3, [q]. For the quark current with one heavy quark we will use

1.
Jol, = §ZfH\/mHT7”[7“(1 — 5) Hyuj,] (16)

The light meson part of the weak current is

Jf = i fPul A+ a(VE — )]l (17)

The simplest radiative decays of D mesons are into a light meson and a
photon. Since the process D — P~ (P is a light pseudoscalar) is forbidden
due to the requirement of gauge invariance and chiral symmetry [Bq], as well
as angular momentum conservation, we will concentrate on the D — Vv (V
is a light vector meson) decays. We consider the only two processes which
are possible at tree level and are not Cabibbo supressed, namely D? — K*0y
and D*T — p*~. Both processes have contributions from the odd-parity
interaction Lagrangian. The second one has, in addition, a direct emission
term, due to the charged initial and final mesons.

In our numerical calculations we used the following numerical values Cy v =
0.423, Cyry = —3.26 x 1072, 27, B8], gv = 5.8 [T, f ~ f» = 132 MeV, and
the other decay constants fpy were taken from [P4]. It is straightforward to
calculate the decay widths. The result, of course, depends on which numerical
value we take for (X 4+ 2X/3) and (X — A/3).

Computing these decay widths using A and X' we have to point out that
the m% corrections, coming from light-quark current, effectively included into

the A parameter, are not necesserily the same as in the case D* — D~



decay. Of course, this uncertainty unfortunately increases the theoretical and
experimental uncertainties already present in the calculation of the D — V.
On figs. 1 and 2 the decay widths for D° — K*0y and Dt — p*~ are
shown as functions of the combinations X + 2A/3 and X" — \/3 respectively.
The full (dashed) lines denotes the values for these combinations, which are
allowed (forbidden) by experimental constraints (11) — (12) together with
lg| = 0.57 +0.13 [13].

An interesting feature can be seen from fig. 1: a not very precise measure-
ment of the D° — K*~ decay width is sufficient to differentiate between pos-
itive or negative solutions for N'+2\/3, which are predicted to be of one order
of magnitude different. Given the total D® decay width T'ror(D°) & 0.0016
eV [0 the branching ratio is constrained by 2 x 107* < B < 4 x 10~ for
positive and B < 0.4 x 10™* for negative values of X' +2X/3. Our prediction
is consistent with the nonrelativistic quark model [B9] and with the order of
magnitude estimate of ref. [B0], but not with the analysis of Burdman et al.
[BY], who get a branching ratio somewhere between our allowed regions.

A less dramatic situation is obtained for the decay D*t — p*y in fig. 2,
where a not precise determination of the partial width is not enough to further
constrain the combination \'—\/3. From I'ror(D*") ~ 0.0014 eV [RQ] we see
that the branching ratio for this decay is in the range 2x107* < B < 7x107%.
The result is similar to ref. [BI], but it is one order of magnitude larger than
the one in [R9].

In ref. B3], BJ| it was noticed that a nice bonus can be obtained in measur-
ing the charm meson decay D° — p°(w)y, which can get contributions from

New Physics by ¢ — w7y transitions, while the same contributions are absent



in the DY — K*%y decay. The authors of [BJ] claim that a discrepancy be-
tween the experimental measured ratio of the two decays and the theoretical

expectation, i.e. the violation of

R B(D — p(w)y)  tan 6,
plw) — B(D N K*’}/) - 9

(18)

would be a clear sign of non-Standard Model physics. Equation ([§), in
which we have included a factor of 1/2 that was overlooked in refs. [B3], B3],
can be derived from eq. ([J) in the factorization approximation.

In our approach, which we believe to describe effectively the low-energy
physics of the Standard Model, relation ([L§) is correct in two cases:

1) in the U(3) limit, where the masses of the light pseudoscalar nonet are
equal, as well as the masses and the decay constants of the light vector nonet;
2) in the case that the diagram with the photon emission by the heavy meson
dominates, i.e. for positive values of the experimentally allowed value for the
combination (X + 2A/3) (see eq. ([])), providing that the vector decay
constants are approximately equal.

In terms of quark diagrams, there are also penguin contributions, for exam-
ple, to D — p/w~, but not to D — K*v. In the following we will neglect
them, since they were found to be rather small [BT].

Our conclusion is, that the eq. ([[§) may not be satisfied even in the Standard
Model, as is shown on fig. 3: if the combination (A + 2)\/3) turns out to be
negative, the ratio ([[§) can be anything between 0 and co. As shown in the
case D — K*v, the negative values of (A + 2)\/3) can cause a destructive
interference between the photon emission by the heavy and the light meson.

A similar effect is possible also in the decay D — p(w)y, only that the



zero can be achieved at a different value of (N 4 2\/3), because of the U(3)
breaking. It is clear that such a situation does not allow us to conclude
anything about some New Physics. Actually the situation would be in this
case even worse, because negative values of (A + 2)\/3) would mean a very
small branching ratio (see fig. 1) and so an extremely difficult measurement.
If, on the other side, (A 4+ 2A/3) turns out to be positive, the decays are
much easier to detect experimentally, and also the theoretical situation is
clearer, since the curve is approaching the ideal theoretical value 1 (fig. 3).
A large disagreement with the theoretical prediction ([§) would give in this
case some sign of New Physics. But even here one should take care, since the
amplitudes are approximately proportional to the decay constants of the final
vector meson. This can be seen, if we calculate the decay D — w~y with the
values of the light vector decay constants taken from [B4: fx. = f, = 221
MeV and f, = 156 MeV. In this case we gat a similar curve as in fig. 3 for
D% — p%, but for large positive values of (N +2)/3) the ratio is approaching
a value of approximately 0.5 instead of 1. The fact can be explained by the
difference in the decay constants, i.e. (f,/fx<)* ~ 0.5.

The radiative decays D — PPy have not been measured yet. In ref. [BZ]
it was pointed out that branching ratios of D mesons are determined with
5 — 10% accuracy. We analyse the branching ratios of D — PP~ decays in
order to see if they are measurable. As an example we investigate the decay
D — K~ rt~. In this decay there are charged particles in the final state and
therfore we expect that the dominant contribution will come out from the
"bremsstrahlung”. We simply take the amplitude |A(D — K~ 7")| from the

corresponding decay and write



A(D(P) — K~ (k)r*(p)v(q)) = —eA(D — K‘w*)(ﬁ - p%q) (19)

The integration over the phase space is done making the cut in the pho-
ton energy Wy, The result is presented on fig. 4. For the photon energy
cut Wi = 10 MeV we find B(D — K~ 7y) = 1.6 x 1073, higher than
the calculated B(D° — K*°v). Contrary to the bremsstrahlung in D° —
K~ 7", there are only neutral pseudoscalar mesons in the final state of the
decay D — K%y, and therefore the decay amplitude is the so-called direct
emission [B4]. Usually the branching ratio is much smaller in decays with
direct emission than in decays where the bremsstrahlung dominates [B4].

We can conclude that our framework - the combination of heavy quark sym-
metry and chiral symmetry - builds the effective strong, weak and electromag-
netic Lagrangian. Within this scheme the calculated D — V'~ decay widths
provide some guidence. One should be careful in experimental searches, since
the bremsstrahlung for D° — K -7ty leads to higher branching ratio than
for D — K*0v. The hope for new physics in D — p/w~ coming from ¢ — uy
transitions is lost since the result obtained using our approach might screen

possible signals coming from nonminimal SUSY.
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FIGURES

Fig. 1: The decay width for D° — K*°v as function of the combination X +
2)/3. The full (dashed) lines denote the experimentally allowed (forbidden)

values for this combination.

Fig. 2: The decay width for D* — pvy as function of the combination A’ —\/3.
The full (dashed) line denotes the experimentally allowed (forbidden) values

for this combination.

Fig. 3: The ratio of the decay rates for D — py and D — K*v times a
constant factor 2/tan@,” as function of the combination (A 4 2)/3). The
full (dashed) line denotes the experimentally allowed (forbidden) values for
this combination. In the U(3) limit of the Standard Model such a ratio should

be equal to 1.

Fig. 4: The branching ratio of D’ — 77K~ as function of the photon

energy cut.
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Fig. 1
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Fig. 2
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Fig. 3
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Fig. 4
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