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The European Physical Society Conference on High Energy Physics (EPS-HEP2025)
7-11 July 2025
Marseille, France

∗Speaker

© Copyright owned by the author(s) under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License (CC BY-NC-ND 4.0) All rights for text and data mining, AI training, and similar technologies for
commercial purposes, are reserved. ISSN 1824-8039 . Published by SISSA Medialab. https://pos.sissa.it/

mailto:yanxi.wu@cern.ch
https://pos.sissa.it/


P
o
S
(
E
P
S
-
H
E
P
2
0
2
5
)
3
4
2

𝐵-meson Decays to Vector Mesons and Charmless Decays at LHCb Yanxi Wu

1. Introduction

Decays of 𝐵-meson into two vector mesons (𝐵 → 𝑉𝑉) form a class of processes of particular
interest. The measurements of their branching fractions, 𝐶𝑃 asymmetries, and polarisation observ-
ables provide sensitive probes of the underlying dynamics. Enhancements or deviations in these
quantities could indicate contributions from physics beyond the Standard Model (SM). Comple-
mentary studies of charmless 𝐵-meson decays, including searches for new decay modes and precise
branching fraction measurements, offer further opportunities to confront theoretical predictions and
refine our understanding of hadronic processes. Together, these measurements provide stringent
tests of the SM and valuable inputs for exploring possible new physics effects. These proceedings
present an overview of the most recent studies from the LHCb experiment on 𝐵-meson decays to
vector mesons and charmless final states.

The LHCb detector is a single-arm forward spectrometer optimised for beauty and charm
physics. Its excellent performance in vertex resolution, particle identification, and momentum reso-
lution enables precise, world-leading measurements of 𝐵-meson decays. The results presented here
are based on proton–proton collision data collected during Run 1 and Run 2 period, corresponding
to integrated luminosities of 3 and 6 fb−1, respectively.

2. 𝐵-meson decays to vector mesons

The 𝐵 → 𝑉𝑉 decays serve as a powerful probe for the dynamics of weak and strong interactions
through their angular distributions. These decays are generally mediated by both tree-level and
loop processes, carrying information about the SM flavor structure and the Cabibbo–Kobayashi–
Maskawa (CKM) matrix [1]. The interference between these two types of processes can give rise
to the combined charge conjugation and parity (𝐶𝑃) violation.

Every 𝐵 → 𝑉𝑉 decay receives contributions from three helicity amplitudes, which, with
an appropriate choice of basis, can be described by longitudinal (𝐴0), perpendicular (𝐴⊥), and
parallel (𝐴∥ ) components encoding different orbital angular momentum configurations between
the two vector mesons [2]. In the naive factorisation ansatz [3], the SM predicts an almost total
longitudinal polarisation, 𝑓𝐿 ≡ |𝐴0 |2/(|𝐴0 |2 + |𝐴⊥ |2 + |𝐴∥ |2) ≈ 1, which however has tension
with the experimental measurements where 𝑓𝐿 ranges from around 10% to almost 100% across
different 𝐵 → 𝑉𝑉 decays. This “polarisation puzzle" motivates theoretical studies both in quantum
chromodynamics (QCD) effects and new physics. To date, a coherent description of 𝐵 → 𝑉𝑉

decays remains challenging, which needs more detailed and precise measurements of them.
The decay topology of 𝐵 → 𝑉𝑉 decays is shown in Fig. 1, where each vector meson decays

into two final-state particles, denoted 𝑃𝑖 (𝑖 = 1, 2, 3, 4). The differential decay rate of 𝐵 →
(𝑃1𝑃2) (𝑃3𝑃4) is given by the squared modulus of the total amplitude

dΓ
dΩ

∝
����� 𝑁∑︁
𝑖=1

𝐴𝑖 𝑓𝑖 (Ω)
�����2 , (1)

where Ω denotes the set of kinematic variables, including the decay angles 𝜃1, 𝜃2 and 𝜙 defined
in Fig. 1, and may also include invariant masses when performing a full amplitude analysis.
The functions 𝑓𝑖 describe the dependence on the kinematic variables, with their specific forms
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Figure 1: Decay angles for the 𝐵 → 𝑉1 (→ 𝑃1𝑃2)𝑉2 (→ 𝑃3𝑃4) decay, where 𝜃1(2) is the angle between
the 𝑃1 (𝑃3) momentum in the 𝑉1(2) rest frame and the 𝑉1(2) momentum in the 𝐵 rest frame. 𝜙 is the angle
between the two 𝑉 decay planes.

determined by the models adopted in a given analysis. The coefficients 𝐴𝑖 are the complex couplings
for each amplitude. By studying the mass and angular distributions, the different amplitudes can be
disentangled, enabling measurements of 𝐶𝑃 asymmetries and polarisation fractions.

2.1 Measurements of 𝐶𝑃 violation and polarisation in 𝐵+→ 𝜌(770)0𝐾∗(892)+ decays

The 𝐵+→ 𝜌0𝐾∗+ decay, where 𝜌 and 𝐾∗ represent the 𝜌(770) and 𝐾∗(892) mesons, is a
𝐵 → 𝑉𝑉 decay with charmless final states, considering 𝜌0 → 𝜋+𝜋− and 𝐾∗+ → 𝐾0

S𝜋
+. This decay

was first observed by BaBar [4] collaboration. The measurement presented here is the first study by
LHCb, with larger statistics expected from the full Run 1 and Run 2 datasets. The signal yields are
obtained to be 2208 ± 53 and 2333 ± 55 for the 𝐵+ → (𝜋+𝜋−) (𝐾0

S𝜋
+) and 𝐵− → (𝜋−𝜋+) (𝐾0

S𝜋
−)

decays, respectively, where the quoted uncertainties are statistical [5].
A full amplitude analysis is performed for 𝐵+ → (𝜋+𝜋−) (𝐾0

S𝜋
+) decays in the mass ranges

0.3 < 𝑚𝜋+𝜋− < 1.1 GeV/𝑐2 and 0.75 < 𝑚𝐾0
S 𝜋

+ < 1.20 GeV/𝑐2. In the 𝜋+𝜋− mass spectrum,
in addition to the 𝜌(770)0 meson, several other resonances are identified, including the 𝜔(782),
𝑓0(500), 𝑓0(980) and 𝑓0(1370) mesons. The 𝐾0

S𝜋
+ mass distribution is dominated by the 𝐾∗(892)+

resonance and a scalar contribution, denoted as the (𝐾0
S𝜋

+)S component. A small fraction of
𝐵+ → 𝑎1(1260)+𝐾0

S and 𝐵+ → 𝑎1(1640)+𝐾0
S decays is observed in the sample, with 𝑎+1 → 𝜌0(→

𝜋+𝜋−)𝜋+, 𝑎+1 → 𝑓0(500) (→ 𝜋+𝜋−)𝜋+, and 𝑎+1 → 𝑓0(980) (→ 𝜋+𝜋−)𝜋+.
The amplitude fit projections onto five kinematic variables, including two invariant masses

and three decay angles, are shown in Fig. 2. From the amplitude fit results, the 𝐶𝑃-averaged
longitudinal polarisation fraction is measured to be 𝑓𝐿 = 0.720 ± 0.028 ± 0.009, and the direct
𝐶𝑃 asymmetry as A𝐶𝑃 = 0.507 ± 0.062 ± 0.017, where the first uncertainties are statistical and
the second systematic [5]. The significance of 𝐶𝑃 violation is measured to exceed nine standard
deviations using a likelihood-ratio test [5]. This is the first observation of 𝐶𝑃 violation in the
𝐵+→ 𝜌0𝐾∗+ decay. The results are consistent with and more precise than those previously reported
by the BaBar collaboration[4].

2.2 Measurements of 𝐶𝑃 violation and polarisation in 𝐵0
𝑠→ 𝐽/𝜓𝐾∗(892)0 decays

The 𝐵0
𝑠 → 𝐽/𝜓𝜙 decay serves as the benchmark channel for measuring the 𝐶𝑃-violating phase

𝜙𝑐𝑐𝑠𝑠 . However, contributions from penguin diagrams can induce a phase shift, which makes
the interpretation of experimental results complicated and theoretical calculations challenging. A
data-driven approach has been proposed to constrain these penguin effects using 𝐶𝑃 asymmetries
measured in 𝑏 → 𝑐𝑐𝑑 decays [6], such as 𝐵0

𝑠→ 𝐽/𝜓𝐾∗0, where the correspondence between
𝑏 → 𝑐𝑐𝑠 and 𝑏 → 𝑐𝑐𝑑 transitions is established under the assumption of SU(3) flavour symmetry.
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Figure 2: Projections of the multidimensional amplitude fit onto (a) cos 𝜃𝜋+ 𝜋− , (b) cos 𝜃𝐾0
S 𝜋

+ , (c) 𝜙, (g)
𝑚𝜋+ 𝜋− , and (h) 𝑚𝐾0

S 𝜋
+ for the 𝐵+ → (𝜋+𝜋−) (𝐾0

S𝜋
+) decay. Plots (d)(e)(f)(i)(j) show the corresponding

variables for the 𝐵− → (𝜋−𝜋+) (𝐾0
S𝜋

−) decay [5].

This channel was previously studied by LHCb using Run 1 dataset [7], with the 𝐽/𝜓 reconstructed
from 𝜇+𝜇− and the 𝐾∗ from 𝐾−𝜋+. The present work reports an updated angular analysis based on
Run 2 dataset. The yield of 𝐵0

𝑠 → 𝐽/𝜓𝐾−𝜋+ candidates is determined to be 6098 ± 84 [8], where
the uncertainty is statistical only.

The 𝐾−𝜋+ spectrum receives contributions from both the 𝐾∗ resonance and the (𝐾𝜋) S-wave.
An angular analysis is performed to measure the 𝐶𝑃 asymmetry and polarisation in 𝐵0

𝑠→ 𝐽/𝜓𝐾∗0

decays. The angular fit projections onto the three decay angles are shown in Fig. 3. Combining
the Run 2 results with those from Run 1 [7], the longitudinal and parallel polarisation fractions
are measured to be 𝑓𝐿 = 0.534 ± 0.012 ± 0.009 and 𝑓∥ = 0.211 ± 0.014 ± 0.005, respectively [8],
where the first and second uncertainties are statistical and systematic. The 𝐶𝑃 asymmetries are
measured with a precision of 3 − 7% and are found to be consistent with zero. The branching
fraction relative to 𝐵0 → 𝐽/𝜓𝐾∗0 decay is determined to be B(𝐵0

𝑠→ 𝐽/𝜓𝐾∗0)/B(𝐵0 → 𝐽/𝜓𝐾∗0) =
(3.12 ± 0.09 ± 0.06 ± 0.10)% [8], where the last uncertainty comes from the ratio of hadronisation
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Figure 3: Projections of the angular fit result onto the angles (left) 𝜙ℎ, (middle) cos 𝜃𝐾 , and (right) cos 𝜃𝜇
for the background-subtracted 𝐵0

𝑠→ 𝐽/𝜓𝐾∗0 data sample [8].

Figure 4: Results of the CL𝑠 method for setting an upper limit on the 𝐵0→ 𝜙𝜙 branching fraction [10].

fractions 𝑓𝑑/ 𝑓𝑠. These combined results from LHCb provide the most precise determinations of
these observables to date.

2.3 Search for the decay 𝐵0→ 𝜙𝜙

The 𝐵0→ 𝜙𝜙 decay differs from the other 𝐵 → 𝑉𝑉 modes discussed above. It proceeds via
a 𝑏𝑑 → 𝑠𝑠 annihilation and is strongly suppressed, requiring at least one loop and being both
Cabibbo and OZI suppressed. This decay has not yet been observed. Theoretical predictions for its
branching fraction span a wide range, (0.5−5)×10−8, with potential enhancements from long-range
contributions such as 𝜔− 𝜙 mixing, rescattering processes, or contributions from new physics. The
previous most stringent limit, set by LHCb, was B(𝐵0→ 𝜙𝜙) < 2.7×10−8 at 90% confidence level
(CL) [9], with 𝜙 → 𝐾+𝐾−. This analysis uses the full Run 1 and Run 2 datasets, which not only
double the statistics, but also provide a more detailed understanding of background, allowing for a
significant reduction in background levels.

A maximum-likelihood fit to the invariant mass distribution 𝑚(𝐾+𝐾−𝐾+𝐾−) is performed to
extract signal candidates. No significant signal is observed and the results are consistent with the
background-only hypothesis at the level of 1.9𝜎[10]. The CL𝑠 calculation, shown in Fig. 4, yields
an upper limit on the branching fraction of B(𝐵0→ 𝜙𝜙) < 1.3(1.4) × 10−8 at 90%(95%) CL [10].
This result improves the previous best limit [9] by nearly a factor of two.

3. Searches for new charmless 𝐵-meson decays

𝐵-meson decays without charm or charmonuim contribution in the final states, referred to as
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Figure 5: Invariant-mass distributions of 𝐾0
S𝑝𝑝 candidates corresponding to the decays (left) 𝐵0→ 𝐾0𝑝𝑝

and (right) 𝐵0
𝑠→ 𝐾0𝑝𝑝, with fit results overlaid. [13]

charmless 𝐵-meson decays, are suppressed in SM. They proceed either via the CKM-suppressed
𝑏 → 𝑢 tree-level transition or through 𝑏 → 𝑠, 𝑑 penguin processes. These two contributions
have comparable magnitudes and a relative weak phase, and their interference can give rise to
𝐶𝑃 violation in the decay. Multi-body charmless 𝐵-meson decays also exhibit rich resonance
structures that can be explored. Precise measurements of branching fractions and 𝐶𝑃 asymmetries
in charmless decays provide important tests of QCD-based models and serve as sensitive probes
of potential new physics, where additional particles could contribute to penguin loops or introduce
new sources of 𝐶𝑃 violation.

3.1 Observation of the decay 𝐵0
𝑠→ 𝐾0𝑝𝑝 and measurement of the 𝐵0

(𝑠)→ 𝐾0𝑝𝑝 branching
fractions

The 𝐵0
(𝑠)→ 𝐾0𝑝𝑝 decays proceed via both the 𝑏 → 𝑢 tree-level transition and the 𝑏 → 𝑞𝑞𝑠

(𝑏 → 𝑞𝑞𝑑) penguin processes, where the spectator quark is 𝑑 (𝑠) and 𝑞 denotes 𝑢, 𝑑. The
relative branching fractions of 𝐵0→ 𝐾0𝑝𝑝 and 𝐵0

𝑠→ 𝐾0𝑝𝑝 decays provide precise tests of flavour
symmetries, as their underlying quark-level diagrams are related by the interchange of 𝑑 and 𝑠
quarks. The observed threshold enhancement in the 𝑝𝑝 mass spectrum indicates the involvement of
non-trivial intermediate states that influence the decay dynamics. While the branching fraction of
the 𝐵0→ 𝐾0𝑝𝑝 decay has been measured previously by Belle and BaBar [11, 12], the 𝐵0

𝑠→ 𝐾0𝑝𝑝

decay has not been observed until now.
A search for the decay 𝐵0

𝑠→ 𝐾0𝑝𝑝 and a measurement of the branching fraction of 𝐵0
(𝑠)→ 𝐾0𝑝𝑝

decays are performed using the combined Run 1 and Run 2 datasets. In both decays, 𝐾0 candidates
are reconstructed through the two-pion decay of its short-lived mass eigenstate, 𝐾0

S → 𝜋+𝜋−. The
overall event selection is similar for the two modes, but separate samples are obtained, optimised
either for the branching fraction measurement of 𝐵0

𝑠→ 𝐾0𝑝𝑝 or for the search for 𝐵0→ 𝐾0𝑝𝑝.
Signal yields are extracted using unbinned maximum-likelihood fits to the 𝐾0

S𝑝𝑝 invariant-mass
distributions in the two optimised samples, as shown in Fig. 5. The 𝐵0

𝑠→ 𝐾0𝑝𝑝 decay is observed
for the first time, with a significance of 5.6 standard deviations, including both statistical and
systematic uncertainties [13].

Using the 𝐵0 → 𝐾0
S𝜋

+𝜋− decay as the normalisation channel, the branching fractions are
measured to be B(𝐵0→ 𝐾0𝑝𝑝) = (2.82 ± 0.08 ± 0.12 ± 0.10) × 10−6 and B(𝐵0

𝑠→ 𝐾0𝑝𝑝) =

(9.14 ± 1.69 ± 0.90 ± 0.33 ± 0.20) × 10−7 [13]. Here, the first and second uncertainties are
statistical and systematic, while the third and fourth arise from the uncertainties in the branching
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Figure 6: (Left) Invariant-mass distribution of 𝐵+→ 𝛬𝑝𝑝𝑝 candidates with 𝑚(𝑝𝑝) < 2850 MeV/𝑐2. Distri-
butions of background-subtracted (middle) 𝑚(𝛬𝑝I) and (right) 𝑚(𝑝𝑝II) for 𝐵+→ 𝛬𝑝𝑝𝑝 candidates in data
compared with phase-space simulation [16].

fraction of the normalisation channel and in the ratio of hadronisation fractions 𝑓𝑠/ 𝑓𝑑 , respectively.
The result for B(𝐵0→ 𝐾0𝑝𝑝) is consistent with and more precise than the world average of
(2.66 ± 0.32) × 10−6 [14].

3.2 First observation of the charmless baryonic decay 𝐵+→ 𝛬𝑝𝑝𝑝

The 𝐵+→ 𝛬𝑝𝑝𝑝 decay is a purely baryonic four-body mode that has not previously been
observed. Its branching fraction is predicted to be

(
7.4+0.6

−0.2 ± 0.03+3.6
−2.6

)
× 10−7 [15]. The mass

spectrum of this decay is of particular interest, as it exhibits a double-threshold enhancement
arising from the presence of two baryon–antibaryon pairs [15]. Its study also provides valuable
input for understanding baryonium-like bound states, such as the 𝑋 (1835) and 𝑋 (2085).

The search for the 𝐵+→ 𝛬𝑝𝑝𝑝 decay is performed using data collected between 2016 and 2018.
Signal candidates are extracted with unbinned maximum-likelihood fits to the 𝛬𝑝𝑝𝑝 invariant-mass
distributions, as shown in Fig. 6. The signal yield is measured to be 78 ± 12, corresponding
to a significance exceeding five standard deviations. The branching fraction is measured to be
B(𝐵+→ 𝛬𝑝𝑝𝑝) = (2.08± 0.34± 0.12± 0.26) × 10−7 [16], where the first uncertainty is statistical,
the second systematic, and the third arises from the external branching fraction of the normalisation
channel 𝐵+ → 𝐽/𝜓(→ 𝛬𝑝𝐾−)𝐾+. The𝐶𝑃 asymmetry is measured to beA𝐶𝑃 = (5.4±15.6±2.4)%.

The background-subtracted invariant-mass spectra of the 𝛬𝑝I and 𝑝𝑝II pairs are shown in
Fig. 6, where 𝑝I denotes the proton combined with the 𝛬 baryon to yield the lower invariant
mass 𝑚(𝛬𝑝), and 𝑝II is the remaining proton paired with the antiproton to form the second
baryon–antibaryon combination. A double threshold enhancement is observed, indicated by the
peaks near the respective kinematic thresholds.

4. Conclusions

The most recent measurements of 𝐵 → 𝑉𝑉 and charmless 𝐵-meson decays performed by
the LHCb collaboration have been reviewed. These include measurements of 𝐶𝑃 asymmetries
and polarisation fractions in 𝐵+→ 𝜌0𝐾∗+ and 𝐵0

𝑠→ 𝐽/𝜓𝐾∗0 decays, and a search for the 𝐵0→ 𝜙𝜙

decay that sets the most stringent upper limits on its branching fraction. The 𝐵0
𝑠→ 𝐾0𝑝𝑝 and

𝐵+→ 𝛬𝑝𝑝𝑝 decays have been observed for the first time, with branching fractions measured for
both channels. These results represent the most precise determinations to date and provide essential
input for testing and refining theoretical models.
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