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The various weak decays of heavy quark flavors pro-
vide a stringent test of the electroweak sector of the
Standard Model, and can be of great importance in
constraining models of new physics beyond the Stan-
dard Model (BSM) which have non-trivial flavor struc-
ture.1) In order to interpret experimental results for
these decays, it is essential to disentangle the elec-
troweak or BSM effects of interest from the contri-
butions due to the strong force (QCD). Lattice QCD
provides a way to numerically calculate the required
strong matrix elements at high precision and with full
control of systematic effects.

We consider the process of mixing between the neu-
tral D0 and D̄0 mesons, which is not a decay but
does involve flavor-changing weak processes (the charm
quantum number changes by ∆C = 2 units.) The
presence of down-type quarks in Standard Model con-
tributions to this process through box diagrams allows
D mixing to provide unique and complementary in-
formation on potential new physics compared to kaon
and bottom-quark mixing and decay. Furthermore, the
contributions of bottom quarks to D mixing are highly
suppressed, which in turn suppresses CP violation from
the Standard Model; searches for CP violation in D
mixing are therefore very sensitive to new physics.

Our calculation uses lattice gauge theory to com-
pute the set of five QCD matrix elements O1 through
O5 which contribute to D-mixing. We use a set of
gauge ensembles generated by the MILC collaboration
with Nf = 2+1 dynamical quarks, using the “asqtad”
improved staggered fermion formulation and tadpole-
improved Luscher-Weisz gauge action. We study 14
ensembles with different values for the lattice spacing
a and average pion mass MRMS

π ; global fits using stag-
gered chiral perturbation theory then allow us to ex-
trapolate simultaneously to the physical quark mass
point and the continuum limit.

Following a careful analysis of sources of system-
atic error, we obtain for the five matrix elements
in the MS-NDR scheme at µ = 3 GeV the val-
ues ⟨O1⟩ = 0.0805(55)(16), ⟨O2⟩ = −0.1561(70)(31),
⟨O3⟩ = 0.0464(31)(9), ⟨O4⟩ = 0.2747(129)(55), ⟨O5⟩ =
0.1035(71)(21), where the first error bar shows the
combined statistical and systematic error, and the sec-
ond shows the estimated uncertainty due to quenching
of the charm quark in our simulations.

We can apply our matrix element results to place
constraints on models of new physics, using the exper-
imental measurements3) of D-mixing. As an example,
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Fig. 1. Bounds on a specific model of new physics in which

the Higgs has flavor-violating couplings,2) using recent

experimental results on the complex D-mixing param-

eter x12
3) and our new lattice QCD results for the

D-mixing matrix elements. Colored regions are ex-

cluded at the indicated statistical significance. Com-

plex phases of the Yukawa couplings Yuc and Ycu are

marginalized over.

we consider a specific model2) in which the Higgs boson
has flavor-violating couplings to quarks and leptons.
Integrating out the Higgs field at low energy gives an
effective Hamiltonian
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where in front of the operators we show Wilson coef-
ficients at the scale mh. The Wilson coefficients are
run down to a renormalization scale of 3 GeV at which
our lattice QCD matrix elements are computed, and
then used to convert to an experimental prediction
for the D-mixing parameter x12 based on the size of
the Yukawa couplings Ycu and Yuc. The resulting con-
straints are shown in Fig. 1.
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Λc → N form factors from lattice QCD and
phenomenology of Λc → n ℓ+νℓ and Λc → pµ+µ− decays†

S. Meinel∗1,∗2

The Λc → N transition form factors are relevant
both for the charged-current decays Λc → n ℓ+νℓ and
for the GIM-suppressed neutral-current decays Λc →
p ℓ+ℓ−. In this work, the first lattice QCD calcula-
tion of the Λc → N form factors was performed, and
predictions were made for the rates and angular distri-
butions of the aforementioned decays. The calculation
was based on lattice gauge field ensembles generated
by the RBC and UKQCD Collaborations,1) with 2+1
flavors of domain wall fermions. Two lattice spacings,
a ≈ 0.11 fm and a ≈ 0.085 fm, and pion masses in
the range 230 MeV ≲ mπ ≲ 350 MeV were used. The
form factors were extrapolated to the continuum limit
and the physical pion mass via modified z expansions.

The Λc → n e+νe differential decay rate predicted
using the form factor results is shown in Fig. 1. This
decay not yet been observed in experiments. The in-
tegrated decay rate obtained here is higher than most
previous theoretical estimates.

In the effective-field-theory analysis, c → u ℓ+ℓ−

decays such as Λc → p µ+µ− receive contributions
both from quark-bilinear operators, whose matrix el-
ements are given by the form factors calculated here,
and from four-quark and gluonic operators2) that con-
tribute through nonlocal matrix elements containing
an additional insertion of the quark electromagnetic
current. For the Λc → p µ+µ− differential branching
fraction, a perturbative treatment of these nonlocal
matrix elements3) yields the blue dashed curve shown
in Fig. 2. It is, however, well known that intermediate
light-meson resonances enhance the matrix elements
of the four-quark operators by several orders of mag-
nitude. A simple Breit-Wigner model for the contribu-
tions from the ρ0, ω, and ϕ resonances gives the orange
curve in Fig. 2.

The LHCb Collaboration recently performed a
search for Λc → p µ+µ− decays,4) and reported an
upper limit of B(Λc → p µ+µ−) < 7.7 × 10−8 in
the dimuon mass region excluding ±40 MeV inter-
vals around mω and mϕ. This measurement constrains
new-physics contributions to the Wilson coefficients C9

and C10 to be of order O(1). While the theoretical pre-
dictions for the Λc → p µ+µ− decay rate are very unre-
liable, the forward-backward asymmetry in the angu-
lar distribution is nonzero only in the presence of new
physics, and a measurement would provide a clean test
of the Standard Model.
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Fig. 1. The Λc → n e+νe differential decay rate, without

the factor of |Vcd|2.
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Fig. 2. The Λc → p µ+µ− differential branching fraction,

calculated using effective Wilson coefficients from per-

turbation theory (blue dashed curve) or using a Breit-

Wigner model for the contributions from the ρ0, ω, and

ϕ resonances. Also indicated is the upper limit obtained

by LHCb.4)
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