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Motivations
After the discovery of Higgs boson by the ATLAS and CMS Collaborations, a new
era of the precise determination of the properties of this new particle has begun. In
recent years, experimental searches for rare Higgs decays, like ℎ → 𝑉𝛾 (V denotes
vector mesons 𝜌, 𝜙, 𝐽/𝜓 and Υ etc.) and ℎ → 𝑉𝑉(𝑉 = 𝐽/𝜓, Υ) have been performed
at the LHC.
Motivated by the above experimental studies, we have presented the theoretical
analysis of rare processes, including Higgs decays into lepton pair plus one light
hadron and decays into a pair of heavy vector quarkonia, in the standard model
(SM).

Figure 1: Lowest-order diagrams for ℎ → 𝑉 ℓℓത (𝑉 =
𝜌0 , 𝜔) decays in the SM. After some adjustment, by
omitting some terms, it also gives the decay amplitudes
ത ℎ → 𝜋 + (𝐾 + )ℓ− 𝜈ҧℓ , and ℎ →
for ℎ → 𝜋 0 ℓℓ,
𝜌+ (𝐾 ∗+ )ℓ− 𝜈ҧℓ .

Branching ratios
ത Almost degenerate for
𝒉 → 𝑽𝓵+ 𝓵− . Branching ratio differs with the 𝒉 → 𝝅𝟎 𝓵𝓵.
the flavor of the charged leptons
flavor of the charged leptons. 𝜌0 final state has
the branching ratio about 10 times as that of 𝜔.

ഥ𝓵 , and 𝒉 →
𝒉 → 𝝅+ (𝑲+ )𝓵− 𝝂
𝝆+ (𝑲∗+ )𝓵− ഥ
𝝂𝓵 . Degenerate for flavors of
the charged leptons.
𝒉 → 𝑽 𝝂ഥ
𝝂

Feynman diagrams for 𝒉 → 𝑽𝑽
Figure 2: ℎ → 𝑉𝑉 decays in the SM: (a)
and (b) through the ZZ intermediate
state while (c) through the gluon
intermediate state. 𝑉 dominantly
longitudinal polarized.

Analysis

1、The contributions from ℎℓℓത vertex is negligible
for the electron mode, small but non-negligible for
muon mode, but dominant for tauon mode.
2、The contributions from ℎ𝑍𝑍 (tree) and ℎ𝑍𝛾
(loop-induced) vertices are of the same importance,
which indicates the process may be sensitive to the
shot-distance physics.

Figure 3: ℎ → 𝑉 𝑉 decays in the SM
through the virtual photon intermediate
states. 𝑉 dominantly transversely polarized.

Analysis

Branching ratios of 𝒉 → 𝑽𝑽 decays
𝐵1 : Figure 2, B2: Figure 3.

The normalized invariant mass distribution and
angular distribution of ℎ → 𝜌0 ℓ+ ℓ− decay for ℓ =
𝑒, µ, and 𝜏, respectively.
red line: contribution from Figure 1(b), thin solid line:
contribution from ℎ𝑍𝑍, dashed line: contribution
from ℎ𝑍𝛾, dotted line: contribution from ℎ𝛾𝛾, thick
solid line: total contribution.

Compared to the process of longitudinally polarized final states(Figure 2), the
transversely polarized final states(Figure 3) have a 𝜖 ∗ 𝑝 ⋅ 𝜖 ∗ 𝑞 ∼ 𝑚𝑉2 /𝑚ℎ2 suppression,
but the photon propagator can give a 1/𝑚𝑉2 factor to counteract the above suppression.
For charmonium case, transversely polarized final states give dominant contributions;
while for bottomonium modes, the longitudinally polarized ones are more important.

Summary
ത ℎ → 𝜋 0 ℓℓ,
ത ℎ → 𝜋 + (𝐾 + )ℓ− 𝜈ҧℓ , and
Exclusive rare Higgs decays into lepton pair plus one light hadron, such as ℎ → 𝜌0 (𝜔)ℓℓ,
ℎ → 𝜌+ (𝐾 ∗+ )ℓ− 𝜈ҧℓ ，have been explored in the standard model. Decay amplitudes are dominantly from the Higgs couplings to
gauge bosons and to charged leptons, and their branching ratios are predicted in the range of 10−8 ∼ 10−5 . We have also
analyzed the differential dilepton invariant mass and angular distributions of ℎ → 𝜌0 ℓ+ ℓ− decays.
Higgs decays into pair of heavy quarkonia, ℎ → 𝑉𝑉, has also been explored in the SM. The total decay rates of ℎ → 𝑉𝑉 in the SM
have also been calculated, and our predictions for their branching fractions are around 10−10 . The transversely polarized final states can
also give important contributions.
It will be challenging to search for these rare processes. Nevertheless, experimental studies of them, might be interesting both
to help deepen our understanding of the standard model and to probe new physics beyond the standard model in the future highprecision experiments.

