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Radiative decays of charm mesons, such as D — Vv, are a unique window into flavour physics.
In the Standard Model (SM) these processes are strongly suppressed, making them difficult to
predict yet highly sensitive to new physics. Previous theoretical approaches introduced arbitrary
regulators to control divergent loop contributions, leaving uncertainties hard to interpret. In this
work, we propose a regulator-free framework based on SU(3) amplitude relations and vector me-
son dominance (VMD). Earlier loop models introduced phenomenological cutoffs to regularize
divergent integrals, leading to uncontrolled uncertainties. Our approach eliminates this by express-
ing all D — Vy amplitudes through SU(3)-related topologies and experimentally determined
VMD couplings, providing correlated and regulator-independent predictions within the Standard
Model. We predict B(D? — ¢y) = (2.3-3.1) x 1073, B(D° — wy) = (0.56-0.66) x 107>, and
B(D? — K*y) = (3.3-3.7) x 10~*. The framework further constrains direct CP asymmetries
to O(1073) within the Standard Model. These results provide a regulator-free Standard Model
prediction for radiative charm decays, for probing new physics.
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1. Introduction

The Standard Model (SM) describes weak interactions through a gauge theory based on the

SU2)r x U(1)y symmetry, where charged currents couple to left-handed fermion doublets. In
the early three-quark models, flavour-changing neutral currents (FCNCs) were expected at rates far
above experimental limits. The Glashow—Iliopoulos—Maiani (GIM) mechanism resolved this by
introducing the charm quark, whose contributions cancel FCNCs through destructive interference
at tree level and suppress them in loops [1]. This established quark—lepton symmetry and made the
electroweak framework phenomenologically consistent with FCNC constraints.
Radiative charm decays, such as DY — Vy where V = po, w, ¢, K*0, probe the rare ¢ —
uy transition. In the SM, this amplitude is loop-suppressed by the GIM mechanism, so short-
distance contributions are less pronounce and long-distance hadronic effects dominate [2, 3]. This
suppression complicates precise predictions, yet it also increases sensitivity to possible new physics.
Direct C P asymmetries are expected at most at O(1073) in the SM; any effect at or above the percent
level would be a clear sign of physics beyond the SM. It is therefore valuable to have SM predictions
for branching fractions and Acp when comparing with experiment.

Several approaches describe these decays using loop amplitudes regulated by phenomenological
cutoffs. While such treatments can reproduce measured branching fractions, the associated uncer-
tainties depend strongly on regulator choices that are not derived from first principles. Developing
a model that avoids this arbitrariness, while preserving predictive correlations among branching
fractions of decay modes and CP asymmetries, is therefore well motivated. This motivates the
present study on radiative charm decays as a probe of new physics.

2. Loop Model as Baseline

Recent theoretical efforts have modelled the radiative charm decays D° — Vvy, including
D — p’y, D — wy, D° — ¢y, and D° — K**y, through loop amplitudes that combine short—
distance topologies with long—distance rescattering effects. A detailed calculation can be found
in [4], where the decay amplitude is constructed from colour—suppressed (C) and W—-exchange (E)
tree diagrams, pole contributions from intermediate pseudoscalar and vector mesons, and final—
state interaction (FSI) loops. The short—distance terms alone underestimate the observed branching
fractions due to partial cancellations among pole contributions. The dominant enhancement arises
from hadronic loops such as D° — K*K* — Vv, with vector exchange providing the largest
contribution and parity—violating (PV) components dominating near threshold. These features are
consistent with expectations from hadronic effective theory, which models long-distance interactions
between mesons arising from non-perturbative QCD dynamics.

Because the loop integrals are ultraviolet divergent, a monopole form factor is introduced with
an effective cutoff scale.

A2 — m?

F(p*) = 5 7

A=m+ a/AQCD,

where A regulates the high—-momentum behaviour and dimensionless parameter « parametrises the
hadronic suppression strength, m is the mass of the exchanged meson. Using @ = 1.3 £ 0.1 [4], the
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model reproduces the measured branching fractions given below.
B(D" - ¢y) = (2.8+0.4)x 107, B(D" - py) =(1.8+£0.2) x 107>,

B(D’ - wy) = (0.6+0.1)x 107, B(D" - K%)= (3.6 +£0.2) x 107*.

This loop model demonstrates that long—distance dynamics can account for the observed rates
and thus serves as a useful baseline. However, its reliance on the cutoff parameter @ introduces
a degree of arbitrariness, since « is not derived from QCD and directly impacts the theoretical
uncertainties. A complementary model that avoids this dependence, while retaining predictive
correlations among branching fractions and C P asymmetries, is therefore well motivated. The next
section presents such an approach, combining SU(3) amplitude decomposition with VMD to obtain
regulator-independent predictions anchored to measured reference modes.

3. SU@3)+VMD Framework

We develop a regulator—free approach that combines SU(3) flavour symmetry with VMD. The
key idea is to express all D® — Vy amplitudes in terms of a small set of topological building blocks.
In this way the method avoids any specific cutoff and provides predictions that are correlated.

3.1 Amplitude decomposition

In the SU(3), the decay amplitudes are decomposed into three dominant topologies, C, E and
the colour—allowed tree (7). The four radiative modes then take the form

— Ko _ = Ko
Ap="2(C-E),  Au=%2(C+E),

Ay =kgprsC, Ag» = kgrg (T+E),

where the factors ky arise from VMD, encode the photon—vector—-meson mixing strength and rg, rx
parameterise SU(3)-breaking corrections. The partial width is

0 _ kP 2
7TmD

with |k| = (m%) - m%,) /(2mp) the photon momentum in the D rest frame. The branching fraction
follows as 8 = I'tpyo /7. This decomposition separates symmetry relations from dynamical inputs,
allowing correlated predictions for all modes once a minimal set of amplitudes.

3.2 Photon-Vector Conversion Factors

In VMD, the coupling between a photon and a neutral vector meson V is determined by the
meson’s leptonic decay width. The effective coupling constant is defined through

i_\/3F(V—>e+e‘)

fv dna’my
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where « is the electromagnetic fine-structure constant and I'(V — e*e™) is the partial width of
the vector meson to a lepton pair. Using the Particle Data Group 2025 [5] values for the leptonic
widths, we obtain

kp = 0.047, Ke = 0.0139, ke = 0.0231.

These factors quantify the photon—vector meson mixing strength and are used consistently through-
out the analysis.

3.3 Formulation and Amplitude Calibration

The branching fractions of D® — ¢y and D® — p%y provide two independent constraints that
determine the magnitudes of the colour—suppressed amplitude C and the combination (C — E).
Fixing these quantities establishes the overall normalisation of the SU(3) framework and scales all
subsequent predictions. The parameters used in this step, taken from current world averages [5],
are mpo = 1864.84 MeV, 150 = 0.4101 ps, i = 6.582 x 10722 MeV's, my = 1019.461 MeV,
my =775.26 MeV, k4 = 0.0231, k, = 0.0470, and rs = 0.85.

The photon momenta are k4 = 653.8 MeV and k, = 771.3 MeV. The phase-space factors
entering the branching—fraction relation 8 = ['tp,0 /7 are therefore

3

k i3
Op= —2 0 2308x10°, @, = L =654 10°.
47'[mD /] 47TmD h

The amplitudes entering these transitions are given by

K
Ay =kgrsC, A, = \/—%(C—E).

The resulting magnitudes of the amplitudes are found to be

B
IC|? = ﬁ = |C]~4.2x107°,
¢\Kopl's

B
IC-Ef=—5 = |C-E|~11x107.
Dk,
Reinserting the extracted amplitudes confirms the numerical consistency of the model.

Bl;red _ (I)¢(K¢rs)2|c|2 =27x% 10—5, Bgred = pK,Z;|C - E'l2 =1.8x% 10_5-

The two reference channels, ¢y and p’y, thus fix the overall normalisation. With |C| and
|C — E| determined, all remaining amplitudes and correlated predictions for wy and K’y are fully
constrained within the SU(3)-VMD framework.

4. Results and Discussions

4.1 Prediction of D - wy from D° — K*'y

With the magnitudes of C and (C — E) determined from the reference channels D° — ¢y
and D° — p%, the framework becomes predictive for the remaining modes. The amplitude for
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D — wy depends on the combination (C + E), while that for D° — K*?y involves (T + E).
To propagate these quantities, two additional inputs are required; the ratio |7/C| and the SU(3)—
breaking factor rx. These parameters are not fixed by the radiative anchors but can be constrained
from global fits to hadronic D — VP and D — PP decays. For numerical evaluation, the analysis
uses parameter values that are representative of current phenomenological determinations.

|IT/C|=1.0+£0.1, rg = 1.10 £ 0.08.
The amplitude for the wy channel is given by

A, = 22 (C 1+ E),

V2

leading to the branching fraction
B(D" — wy) = @, &2, |C + EI,

where @, is the corresponding phase—space factor. Using the previously determined values of C
and E and propagating uncertainties from «,,, rs, and the anchor modes, we obtain

B(D® - wy) = (0.56-0.66) x 107>,
For D° — K*%y, the amplitude takes the form
Ak =kqrg (T + E),
with 7 = (1.0 £ 0.1) C. The resulting branching fraction is
B(D" — KV) = &g Kfl r%( IT + E|%,

which yields
B(D° - K*%) = (3.3-3.7) x 1074,

The predicted branching fractions are consistent with the expectations obtained in loop—based
formulations. The present framework achieves comparable results without introducing a phe-
nomenological cutoff parameter. The quoted uncertainty ranges reflect only the anchors (¢y and
p%y), the VMD conversion factors, and controlled estimates of breaking of SU(3) symmetry factor
and topological amplitude ratios.

An additional feature of this formulation is the presence of correlated behaviour among the
radiative modes. Since both wy and K*’y depend on the exchange amplitude E, variations in
E induce opposite shifts in their respective branching fractions. A Monte Carlo propagation of
the input priors, where model parameters are varied within their uncertainties, confirms a slight
anticorrelation between 8(D° — wy) and 8(D° — K*%y), as shown in Fig. 1. This correlation,
absent in cutoff-based models, provides a direct phenomenological link between the neutral and
strange final states and represents a distinctive prediction of the SU(3)-VMD framework.
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Figure 1: Correlation matrix of branching fractions obtained from the SU(3)+VMD sampling. The numbers
indicate the correlation coefficients. A mild anticorrelation is observed between the wy and K**y channels.

4.2 Prediction of D° — ¢y from D° — p'y

We now derive the ¢ mode within the same model.
r=|E/C|, ¢ =arg(E) - arg(C),

such that

3

Kp 2 B,
Ap:_(C—E), A¢=K¢I’SC,|C—E| =
2 D, K5

\/_

Since |C — E|> = |C|*(1 + r? — 2r cos 6), it follows that

B 1
|C|2 — 14

deK% 14+7r2=2rcosé’

The prediction for the ¢y mode is consequently obtained as

% (K¢rs)2 B,
D, k5 1+71? —2rcosd’

B = @ (kgrs)’|CI* = (1)

For numerical evaluation, we use
mg =1019.461 MeV, m, =775.26 MeV, k4 = 653.8 MeV,  k, =771.3 MeV,

k3
=2 D' _398%x10°, @, =6.54x 10,
47rm2D h

kp =0.0231, «,=00470, rs=085 B,=(1.8+0.2)x107".

Dy

Equation 1 simplifies to

B
B = 0.106 o .
¢ —— 1+7r2-2rcosé
CI)¢ (k¢,rs)2
L
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To propagate uncertainties, a prior is assigned for the parameters r and 6. Global SU(3)
analyses of nonradiative D decays suggest a sizeable exchange amplitude E, while final-state
phases are expected to remain modest for radiative channels. We therefore adopt

r=0.9=+0.1, 0 =0.00 £+ 0.25 rad,
with rg = 0.85 + 0.07 included in the prefactor. Numerical evaluation with these priors yields
B(D° — ¢y)prea = (2.3-3.1) x 107>

This prediction is consistent with the current world average, with the width of the band dominated by
the (r, 6) priors. Allowing a broader phase prior, || < 0.5 rad, extends the range to approximately
(1.8-3.4) x 1075.

5. Conclusion

Having established the SU(3)+VMD framework and evaluated the correlated amplitudes, we
now present the predicted branching fractions in Table 1. The ¢y and p’y modes determine the
amplitude normalisation, while wy and K**y follow as correlated predictions driven by the same
topological structure.

| Mode | ¢y [y oy [E%
| SUB)+VMD x1075 [ 2.3-3.1 | — [ 0.56-0.66 | 33-37 |

Table 1: Predicted branching fractions for D — Vv in the SU(3)+VMD framework.

The SU(3)+VMD framework presented here provides a regulator-independent description of
radiative D — Vy decays, reproducing all branching fractions without introducing phenomenolog-
ical cutoffs. The remaining uncertainties originate from controlled SU(3)-breaking inputs, yet the
observed mild anticorrelation between wy and K*’y shows the model’s sensitivity to the exchange
amplitude E, which could be further constrained. The model can be systematically extended to
Cabibbo—suppressed and charged D decays for future precision studies.
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