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• Diverse range of decays of a B-meson to two spin-1 (V) 
mesons


• Spin structure  amplitude analysis: plethora of 
accessible observables


• Rich test-bed for the Standard Model (SM) 


• Measurement of highly suppressed decays (CKM, loop 
and OZI) 


• What it the origin of the tension btw SM prediction and 
experiment in polarisation fractions of hadronic 

 decays?


• Is  consistent with its SM precise prediction?


• And many more…

→

B → VV
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What is BnoC+B2CC

➞ Various possible analyses: 

➤ Search for decays and branching fraction measurements 

➤ Time dependent and time integrated CP violation (ex: Study mixing-induced asymmetries) 

➤ Angular and Amplitude analyses (ex: CKM phase parameters) 

➤ Lifetime measurements 

➞ Methods have proven their merits: 
➤ CP measurement in three-body decays of  

➤ Precise measurement of 

B±

ϕs Phys. Rev. Lett. 132 (2024) 051802

*BnoC

2

BNOC-B2CC
*B2CC

Phys. Rev. D101 (2020) 012006
Phys. Rev. D108 (2023) 012008

Renaud Amalric | 27.02.2024 | BnoC-B2CC WG Summary

LHCP, 4th June 2024

SM

48 Chapter 4 CP violation in the B-system

Measuring complex numbers

Before we continue, we can reflect on the principle behind the measurement of the complex
phase β. Let us show once more how the complex phase appears as an observable, starting
from the |B0⟩ wave function and the two decay amplitudes. Remember our wave function
of the decaying, oscillating neutral meson, Eq. (3.10):
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again using ∆Γ ≈ 0 for the B0 case, see Table 3.2. The factor q
p accounts for the B0 → B̄0

oscillation. We saw that for the B0-mesons holds | qp | = 1, more specifically, q
p = e−i2β .

How is this phase factor e−i2β measurable, in general? If we would measure the number
of B0-mesons (i.e. produced as a B0) and compare that to the number of B̄0-mesons
(i.e. produced as a B̄0) at time t = π

2∆m , then both the unoscillated and the oscillated
amplitudes are of equal magnitude, and the CP asymmetry can be written as:

ACP

(

t =
π

2∆m

)

=
|1 + ie−i2β |2 − |ie+i2β + 1|2

|1 + ie−i2β |2 + |ie+i2β + 1|2
= sin 2β (4.9)

The situation is schematically shown in Fig. 4.3. The total amplitude of the CP-conjugated
situation will have a different magnitude if there are two phases, of which one flips sign
under CP transformation!
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Figure 4.3: Adding two amplitudes results in a Atot with different magnitude under CP.
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Beauty formalism for TD-CP asymmetries
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=
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CPV in the decay CPV in interference  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No CPV in mixing 
|q/p | = 1

•  and  are golden modes 
Ruled by  mixing and tree-level  transitions 

‣ Penguin contributions are measured to be negligible 
No CPV in the decay:  

 accessible due to CPV in interference of decay with 
and without mixing:  
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CfCP
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(s)⟩ BnoC

B2CC

•Various possible analyses: 
Search for decay and branching 
fraction measurements 
Time-dependent and time-integrated 
CP violation (CPV) 
Angular and amplitude analyses 
Lifetime measurements 

•Methods have proven their merits 
First observations of time-integrated and 
time-dependent CPV in the  sector 
CPV measurements  
in 3-body decays of  
Precise measurements of CKM angles

B0
s

B± [PRL110(2013)221601] 
[JHEP03(2021)075] 

[PRL124(2020)031801] 
[PRL132(2024)021801]
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Integrated branching ratios
• At LHCb branching ratios are accessed relatively to control modes 

with same final state to cancel systematic uncertainties (detection 
effs., ,  …)
σbb̄ L
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with same final state to cancel systematic uncertainties (detection 
effs., ,  …)


• Require careful study of relative efficiencies and often need an 
amplitude analysis anyway to extract the desired component. 


• Eg:   selected in   window presence 
of broad  and NR contributions to be 
included

σbb̄ L

K*0(892) → K±π∓ mKπ →
K*0(800), K*0(1430)

Julián García Pardiñas (CERN) B(s) -> K(*)0 K̅(*)0 decays Beyond the Flavour Anomalies IV

LHCb: JHEP 07 (2019) 032Fit	projections	for	the	Bs

Measurement	of	BR	and	fL	for																										,	fL	forB0 → K*0K*0 B0
s → K*0K*0

Run	1	data

11[JHEP 07 (2019) 032] Julián García Pardiñas (CERN) B(s) -> K(*)0 K̅(*)0 decays Beyond the Flavour Anomalies IV

QCDF	predictions	 Nucl.Phys.B774:64-101,2007

fL = 0.69+0.16
−0.20 fL = 0.72+0.16

−0.21
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Comparative	study	B0	vs.	Bs	
The	B0	mode	is	consistent	with	the	
SM	prediction:	

7

Anomalously	low	value	of	fL	in	the	Bs:

Analysis	in	a	large	K+!-	mass	window,	with	
a	lot	of	spectroscopy	work	(19	polarization	
amplitudes,	with	scalar,	vector	and	tensor	
components),	six-dimensional	fit.	
fL	consistent	with	previous	experimental	
results:	

[JHEP 03 (2018) 140]

Integrated branching ratios

https://arxiv.org/abs/1905.06662
https://arxiv.org/abs/1712.08683
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 measurementsB → V1V2

• Study of differential distributions of  decays offer access 
to rich angular structure

B → V1V2

P → VV : 3 polarisation amplitudes, , , extract their 
magnitude and phases together with their relative 
fractions

A0 A⊥, A∥

K⇤0

K⇤0
B0
(s)

K�

⇡+

K+

⇡�

✓2 ✓1

�

Figure 2: Definition of the helicity angles, employed in the angular analysis of the B0

(s)! K⇤0K⇤0

decays. Each angle is defined in the rest frame of the decaying particle.

of the K+(�) meson and the direction opposite to the B-meson momentum in the rest
frame of the K⇤0 (K⇤0) resonance, and �, the angle between the decay planes of the two
vector mesons in the B-meson rest frame. From angular momentum conservation, three
relative polarisations of the final state are possible for V V final states that correspond
to longitudinal (0 or L), or transverse to the direction of motion and parallel (k) or
perpendicular (?) to each other. For the two-body invariant mass of the (K+⇡�) and
(K�⇡+) pairs, noted as m1 ⌘ M(K+⇡�) and m2 ⌘ M(K�⇡+), a range of 150MeV/c2

around the known K⇤0 mass [5] is considered. Therefore, (K⇡) pairs may not only
originate from the spin-1 K⇤0 meson, but also from other spin states. This justifies that,
besides the helicity angles, a phenomenological description of the two-body invariant mass
spectra, employing the isobar model, is adopted in the analytic model. In the isobar
approach, the decay amplitude is modelled as a linear superposition of quasi-two-body
amplitudes [14].

For the S–wave (J = 0), the K⇤
0
(1430)0 resonance, the possible K⇤

0
(700)0 (or ) and a

non-resonant component, (K⇡)0, need to be accounted for. This is done using the LASS
parameterisation [15], which is an e↵ective-range elastic scattering amplitude, interfering
with the K⇤

0
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momentum at the pole, respectively. The e↵ective-range elastic scattering amplitude
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where a is the scattering length and b the e↵ective range.
For the P–wave (J = 1), only the K⇤(892)0 resonance is considered. Other P–wave

resonances, such as K⇤(1410)0 or K⇤(1680)0, with pole masses much above the fit region,
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D. Ĺancierini (UZH) LFU tests at LHCb

Table 2: Amplitudes, Ai, and angle-mass functions, gi(m1,m2, ✓1, ✓2,�), of the di↵erential decay
rate of Eq. (5). In particular, A0, Ak and A? are the longitudinal, parallel and transverse helicity

amplitudes of the P–wave whereas A+

S and A�
S are the combinations of CP eigenstate amplitudes

of the SV and V S states and ASS is the double S–wave amplitude. The table indicates the
corresponding CP eigenvalue, ⌘i. The mass propagators, M0,1(m), are discussed in the text.

i Ai ⌘i gi(m1,m2, ✓1, ✓2,�)
1 A0 1 cos ✓1 cos ✓2M1(m1)M1(m2)
2 Ak 1 1p

2
sin ✓1 sin ✓2 cos�M1(m1)M1(m2)

3 A? �1 ip
2
sin ✓1 sin ✓2 sin�M1(m1)M1(m2)
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3
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The remaining amplitudes, except for A?, correspond to CP -even eigenstates. The
contributions can be quantified by the terms Fij, defined as

Fij =
9

8⇡
�4(m1,m2)gi(m1,m2, ✓1, ✓2,�)g
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which are normalised according to
Z

Fijdm1dm2dcos ✓1dcos ✓1d� = �ij.

This condition ensures that
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The polarisation fractions of the V V amplitudes are defined as

fL,k,? =
|A0,k,?|2

|A0|2 + |Ak|2 + |A?|2
,

where A0, Ak and A? are the longitudinal, parallel and transverse amplitudes of the
P–wave. Therefore, fL is the fraction of B0

(s)! K⇤0K⇤0 longitudinally polarised decays.
The polarisation fractions are preferred to the amplitude moduli since they are independent
of the considered (K⇡) mass range. The P–wave amplitudes moduli can always be
recovered as

|A0,k,?|2 = (1� |A+

S |2 � |A�
S |2 � |ASS|2) fL,k,?.

The phase of all propagators is set to be zero at the K⇤0 mass. In addition, a global
phase can be factorised without a↵ecting the decay rate setting �0 ⌘ 0. The last two
requirements establish the definition of the amplitude phases (�k, �?, �

�
S , �

+

S and �SS) as
the phase relative to that of the longitudinal P–wave amplitude at the K⇤0 mass.

Since B0

(s) mesons oscillate, the decay rate evolves with time. The time-dependent

amplitudes are obtained replacing Ai ! Ai(t) and Āi ! Āi(t) in Eq. (5) being
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Angular analyses

Integrated branching ratios

• This is not the only parametrisation on the market! Covariant 
formalism also used (although less common)
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 measurementsB → V1V2
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• Require control of the differential rate “warping” effects due to angular 
acceptance (forward region) mass requirements and finite detector 
resolution
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Angular analyses

Integrated branching ratios
• Study of differential distributions of  decays offer access 

to rich angular structure
B → V1V2
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 measurementsB → V1V2

• For self tagged modes, one can perform  of branching 
ratios or polarisation fractions either integrated or in regions of 
phase-space


• Require control of production and detection asymmetries, 
often a control mode where these are known is used 


• For untagged modes, time independent and untagged angular 
analyses allow to access direct and mixing induced CP 
observables: [PRD.88.016007]

ΔACP

• Triple product asymmetries involving products of the kind:


• Can be as “easy” as a counting experiment for some 
exceptionally clean channels such as  and B0

(s) → ϕϕ
B0

(s) → K*0K̄*0

⃗pV1
⋅ ( ⃗ε1 × ⃗ε2)
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Time integrated CP 
asymmetries

Angular analyses

Integrated branching ratios

https://inspirehep.net/literature/1237930
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 measurementsB → V1V2

Time integrated CP 
asymmetries

Le
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Angular analyses

Integrated branching ratios

Time dependent CP 
asymmetries

• Usually the most complex analyses as they factor all previous 
experimental difficulties together


• Require control of production and detection asymmetries, 
often a control mode where these are known is used


• Require control of flavour tagging performance and  
decay time resolution 


• Allow access to observables in time dependent decay width 
such as CKM angles and mixing parameters :


B



B0 → ϕϕ
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•  flaghisp charmless  decay for its clean signature and relatively background free 
environment measurements of 


•  was never observed


•  annihilation: loop, CKM and OZI suppressed


• Small expt BF within the SM  excellent SM probe


• Previous searches with LHCb Run1 data  world best limit at  at CL

B0
s → ϕϕ B → VV

βs

B0 → ϕϕ

b̄d → ss̄

∼ O(10−8)

→ Br(B0 → ϕϕ) < 2.7 × 10−8 90 %

Search for B0 → ϕϕB0
! �� LHCb-PAPER-2025-018, submitted to JHEP

B0
s ! �� flagship charmless B ! VV decay, measurements of �2�s

B0
! �� decay has never been observed

bd ! ss annihilation — loop, Cabibbo and OZI suppressed
Small expected branching fraction, ⇠ O(10�8) ) excellent place to
test the SM!

Leading order corrections to B0
! �� are higher order corrections to

B0
s ! �� — important for future precision studies of B0

s ! ��

Searched for previously with LHCb Run 1 data, lead to world-best
limit B(B0

! ��) < 2.7 ⇥ 10�8 at 90% CL

B0

�

�

d

W

b

t

t

s

s

s

s

M.D. Monk (Cambridge) CKM 2025 September 18, 2025 6 / 21 (26)
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• New analysis uses full Run1+2 data


• 2x the dataset. + 2x sensitivity wrt previous search


• Increase in sensitivity from improved control of backgrounds


• Innovative techniques to reduce impact of decay in flight 
and final state interactions from 


• These effects yield kinked tracks, worse momentum 
resolution, smear of mass peak   leaking into  
region


• Kaon interaction boosted decision tree (BDT) to reject 
candidates with hadronic interactions


• Use muons from   as proxy for 
non-interacted kaon tracks

Bs → ϕϕ

→ Bs B

B+ → J/ψ( → μμ)K+

[JHEP 12 (2025) 026]
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Figure 2: Four-kaon invariant-mass distribution of simulated B0
s ! �� events shown before

and after the application of the IBDT requirement. The histograms are scaled such that the
distribution before application of the classifier has unit area. The known B0 and B0

s masses are
indicated with solid black lines [32]. The full selection described in Section 4 has been applied.

that interact within the tracking system are rejected by the IBDT requirement, described
in Section 3, and also by requiring no associated activity in the muon stations. Fake
tracks created by the reconstruction from random combinations of hits in the detector are
suppressed using a neural network trained to discriminate between these and genuine tracks
associated to particles [40]. Oppositely charged kaon pairs that form a common vertex
are combined to form � candidates. Background from b-hadron decays with misidentified
particles, such as B0 ! �K⇤0 and ⇤0

b ! �pK�, is strongly reduced by requiring the
invariant mass of both K+K� pairs to be within ±15MeV/c2 of the known mass of the
�(1020) resonance [32].

Selected � candidates are combined to form B candidates. To reduce combinatorial
background, the product of the transverse momenta of the � mesons is required to be
greater than 1.2 GeV2/c2 and that the reconstructed B decay time must exceed 0.3 ps. A
vertex fit is performed on each candidate [41] requiring that the four tracks originate from
a common point, and that the B candidate originates from the associated PV, chosen as
the PV that best matches the flight direction of the B candidate. This fit is required to
converge and a loose requirement is made on the �2 of this fit. To ensure good separation
between B0

s and B0 decays to the �� final state, the estimated uncertainty on the mass of
the B candidate is required to be less than 20MeV/c2. Background from the B0 ! �K⇤

decay is suppressed by taking the kaon with the highest probability of being misidentified
as a pion and assigning it the pion mass. If either m(K+⇡�) is within ±70 MeV/c2 of the
known K⇤0 mass [32] or m(K+K+K+⇡�) is within ±30MeV/c2 of the known B0 mass,
tighter particle-identification requirements are applied.

After applying these criteria, although the mass peak for B0
s signal is clearly visible, the

combinatorial background due to random combinations of � mesons is too large to give su�-
cient sensitivity for the B0 search, and thus needs to be further reduced. Detached � mesons

4
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Figure 1: Distribution of the IBDT classifier score for muons from the B+ ! J/ K+ decay in
simulation and the LHCb 2016 data sample as an example. In the data, the combinatorial
background has been subtracted using the technique described in Ref. [39]. The statistical
uncertainties on the data points are plotted but not visible. The inset figure shows the classifier
response for interacted and non-interacted kaons in the B0

s ! �� simulation samples used for
training. The arrow on the inset figure indicates the imposed requirement.

spectrometer magnet, the number of hits on the track and the track kinematics. These
variables are chosen as they show good agreement between data and simulation for muons
from the B+ ! J/ (! µ+µ�)K+ decay chain which acts as a control channel. As shown
in Fig. 1, good separation between kaons with and without interactions is achieved. The
IBDT score shows reasonable agreement between data and simulation for the muons from
the B+ ! J/ K+ decay which are used as a proxy for non-interacted kaons. Requiring
IBDT > �0.4 rejects 89% of interacted kaons with an e�ciency of 95% for non-interacted
kaons.2 The e�ciency of the chosen requirement agrees between data and simulation
at the level of 1%. The e↵ect of the IBDT requirement is shown for simulated B0

s ! ��
events in Fig. 2. It can be seen that after the IBDT requirement the tails from B0

s ! ��
are significantly reduced. This is an appreciable improvement compared to the previous
analysis [16] where these tails limited the sensitivity to a potential B0 ! �� signal.

4 Selection

The o✏ine selection consists of a loose preselection, including the rejection of poorly
reconstructed candidates that have interacted in the spectrometer. This is followed by
requirements on two multivariate algorithms that e�ciently reduce the combinatorial
background while maintaining high signal e�ciency.

The preselection requires four charged particles that have a good quality track fit [19],
pT > 400 MeV/c and that are well-identified as kaons by the RICH detectors. Kaons

2Here, ‘interacted’ refers to kaons that have either interacted hadronically or decayed in flight.
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Search for B0 → ϕϕ
[JHEP 12 (2025) 026]
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Y. Li (2014)

Z.-T. Zou et. al. (2015)

D.-C. Yan et. al. (2022)

R. Aleksan and L. Oliver (2022)

J. Chai et. al. (2022)

Figure 6: Limit set on B(B0 ! ��) in this analysis at 90% confidence level compared to
theoretical predictions. The results presented in this paper are represented by the shaded region.
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Figure 4: Four-kaon invariant-mass distribution for the (left) Run 1 and (right) Run 2 datasets.
The fit result is also shown.

method [51] with a one-sided test statistic, evaluated using pseudoexperiments. Systematic
e↵ects from modelling the signal and background components and knowledge of external
branching fractions are included in the limit via Gaussian constraints. The largest source
of systematic uncertainty comes from the B0

s ! �� branching fraction which has a relative
uncertainty of 7.7%. The uncertainty on the selection e�ciency ratio gives a relative
uncertainty of 0.5% on the central value due to the limited size of simulation samples.
Since the limit on the B0 ! �� branching fraction is calculated with respect to the
B0

s ! �� decay with the same final state, several sources of systematic uncertainty cancel
in the ratio. This includes systematic uncertainties due to tracking, particle identification
and trigger e�ciencies. The measured B0 ! �� yield, NB0 , is converted into a branching
fraction using

B(B0 ! ��) =
NB0

NB0
s

·
✏B0

s!��

✏B0!��
· B(B0

s ! ��) · fs/fd,

where NB0
s

is the B0
s ! �� yield, fs/fd is the ratio of the fragmentation fractions

and B(B0
s ! ��) = (1.84 ± 0.05 (stat) ± 0.07 (syst) ± 0.011 (fs/fd) ± 0.12 (norm)) ⇥

10�5 [17]. The calculation takes into account the correlation between the external
LHCb measurements, including those reported in [17]. In particular, the contribution of
fs/fd = 0.259 ± 0.015 cancels in the calculation given the decay B0 ! �K⇤0 was used
for normalisation in Ref. [17] where the B0

s ! �� branching fraction is measured, giving
B(B0

s ! ��) · (fs/fd) = (477 ± 37) ⇥ 10�8. The ratio of e�ciencies, ✏B0!��/✏B0
s!��, is

evaluated using the simulation to be 1.006 ± 0.006 for Run 1 and 0.971 ± 0.003 for Run 2,
where the uncertainties are statistical only.

The result of the CLs calculation is shown in Fig. 5. The limits obtained are

B(B0 ! ��) < 1.3 (1.4) ⇥ 10�8 at 90% (95%) confidence level.

The obtained limit is found to be robust to changes in the signal and background modelling
in the fit. For example, changing the combinatorial background model, the constraints
applied to the signal line shape parameters, the modelling of the ⇤0

b ! �pK� component
and the partially reconstructed component all have no impact on the result. Additionally,
relaxing the constraint on the width of the shallow Gaussian component of the signal
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at 90% (95%) CL

Br(B0 → ϕϕ) < 1.3(1.4) × 10−8

• Factor 2 improvement over prev. result


• Approaching lower limit of theoretical 
predictions


• Exciting prospects for Run 3

• Signal is consistent with the 
background only hypothesis at 


• Decay not observed  set upper limit 
with CLs


• New limit is at:

1.9σ

→
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Figure 5: Results of the CLs method for setting an upper limit on the B0 ! �� branching
fraction.

model has a negligible impact on the result. The result favours the lower end of the
range of current predictions for the branching fraction (Fig. 6) and strongly constrains
possible enhancements due to physics beyond the Standard Model. It supersedes the
previous LHCb limit, presented in Ref. [16], improving on it by a factor of two. Further
improvements to this limit or evidence for this decay mode will be possible using the
larger data set that is being collected by the upgraded LHCb experiment. Those studies
will benefit from the improved understanding of the experimental backgrounds achieved
in this analysis.
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•  decay , higher branching ratio allows amplitude analysis  performed in the helicty basis: three 
independent helicity states: 


• Working in transversity basis where:  , 


• Transversity amplitdutes have definited  eigenstates with   even and  CP odd


• Expectation from heavy quark symmetry is that  should prevail over the other two


• Part of long standing polarisation puzzle — this amplitude herarchy seems to be respected in tree level 
 decays but not in loop induced  decays

B → VV →
A0, A+, A−

A0, A⊥ =
A+ − A−

2
, A∥ =

A+ + A−

2

CP A0, A∥ CP A⊥

A0

B → VV B → VV

Amplitdue analysis of B+ → ρ0K*+
[PRL 136 (2026) 021803]

https://arxiv.org/abs/2508.13563
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• The   decay was not studied at LHCb before 


• Amplitude analysis from BaBar: branching fraction, polarisation and CP 
asymmetry were measured (  )


• New analysis with full Run1 + Run2 LHCb datasets


• Recostructed with , 


• Simultaneous fit to  and  candidates, share e.g. common intermediate 
resonance parameters

B+ → ρ0K*+

fL = 0.78 ± 0.12

ρ0 → π+π− K*+ → K0
Sπ+

B+ B−

Amplitdue analysis of B+ → ρ0K*+
[PRL 136 (2026) 021803]

B+
! ⇢0K ⇤+ LHCb-PAPER-2025-026, submitted to PRL

B ! VV decay ) three independent helicity states, A0, A+ and A�
Often work in transversity basis, A0, Ak =

A++A�p
2 , A? = A+�A�p

2
For charmless B ! VV decays, expectation from factorised QCD is
that A0 should dominate i.e.

fL =
|A0|2

|A0|2 + |A?|2 + |Ak|2
⇡ 1

Part of longstanding polarisation puzzle — this amplitude hierarchy
seems to be respected in tree-level B ! VV decays but not in
loop-level B ! VV decays

B+

K⇤+

⇢0

b u

u u

W+

s

u
u, c, t

B+

K⇤+

⇢0

b

W+

s

u

u

u u
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A++A�p
2 , A? = A+�A�p

2
For charmless B ! VV decays, expectation from factorised QCD is
that A0 should dominate i.e.

fL =
|A0|2

|A0|2 + |A?|2 + |Ak|2
⇡ 1

Part of longstanding polarisation puzzle — this amplitude hierarchy
seems to be respected in tree-level B ! VV decays but not in
loop-level B ! VV decays
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B+
! ⇢0K ⇤+ LHCb-PAPER-2025-026, submitted to PRL

B+
! ⇢0K⇤+ not studied at LHCb before, amplitude analysis from

BaBar
Reconstructed with ⇢0

! ⇡+⇡�, K⇤+
! K0

S⇡
+

Full Run 1 + Run 2 LHCb datasets
Simultaneous fit to B+ and B�:

NB+
= 2208 ± 53 events NB�

= 2333 ± 55 events

M.D. Monk (Cambridge) CKM 2025 September 18, 2025 11 / 21 (26)
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• 5D amplitude analysis of  in the 
phase-space regions of


• 


•

B+ → (π+π−)(K0
Sπ+)

(0.3 < m(π+π−) < 1.1) GeV/c2

(0.75 < m(K0
Sπ+) < 1.2) GeV/c2

Amplitdue analysis of B+ → ρ0K*+
[PRL 136 (2026) 021803]

B+
! ⇢0K ⇤+ LHCb-PAPER-2025-026, submitted to PRL

5D amplitude analysis of
B+

! (⇡+⇡�)(K0
S⇡

+) in the
phase-space region:

(0.3 < m(⇡+⇡�) < 1.1)GeV/c2,
(0.75 < m(K0

S⇡
+) < 1.2)GeV/c2

B+
!

�
⇡+⇡���K 0

S ⇡+
�

⇢(770)0

!(782)
f0(500)
f0(980)
f0(1370)

K ⇤(892)+
(K 0

S⇡
+)S�wave

⌦

B+
! (⇡+⇡�⇡+) K 0

S

a1(1260)
a1(1640) K 0

S⌦
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zero. The one-dimensional projections of the amplitude fit in the five kinematic variables
are shown in Fig. 2. The CP asymmetry between the couplings of the B+

! ⇢0(K0
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amplitude and its charge conjugate is found to be consistent with zero.

Two main categories of systematic uncertainty contribute to the result: those origi-
nating from experimental assumptions and those related to the amplitude model. The
experimental category includes e↵ects due to the limited precision of the background
fractions, the e�ciency map and background modeling. The amplitude model uncertainties
arise from limited knowledge of the fixed parameters of the resonance mass models, and
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zero. The one-dimensional projections of the amplitude fit in the five kinematic variables
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amplitude and its charge conjugate is found to be consistent with zero.

Two main categories of systematic uncertainty contribute to the result: those origi-
nating from experimental assumptions and those related to the amplitude model. The
experimental category includes e↵ects due to the limited precision of the background
fractions, the e�ciency map and background modeling. The amplitude model uncertainties
arise from limited knowledge of the fixed parameters of the resonance mass models, and
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• Most precise  averaged longitudinal polarisation fraction: 
 

 


• Consistent with BaBar and most theory predictions


• Direct  asymmetry (first observation at >  in this decay)


 


• Magnitude and phase of  asymmetries for single polarisation amplitudes 
and fractions: 

 violation is driven 
by the longitudinal  
component:

CP

f avg
L =

|A0 |2 + | Ā0 |2

∑λ∈{0,⊥,∥} ( | Āλ |2 + |Aλ |2 )
= 0.721 ± 0.027 (stat)  ± 0.030 (syst) 

CP 5σ

ACP =
∑λ∈{0,⊥,∥} ( | Āλ |2 − |Aλ |2 )

∑λ∈{0,⊥,∥} ( | Āλ |2 + |Aλ |2 )
= 0.506 ± 0.062 (stat.)  ± 0.025 (syst.) 

CP

CP

Amplitdue analysis of B+ → ρ0K*+
[PRL 136 (2026) 021803]

Yanxi Wu (PKU & Cambridge) 𝐵 → 𝑉𝑉 and charmless decays at LHCb 7/7/2025 8

CPV and polarisation measurements in 𝑩+ → 𝝆𝟎𝑲∗+

Preliminary!➢ Results
◼ 𝐶𝑃-averaged longitudinal polarization fractions 

𝑓𝐿
avg ≡

𝐴0 2 + ҧ𝐴0 2

Σ𝜆∈{0,∥,⊥} 𝐴𝜆 2 + ҧ𝐴𝜆 2 = 0.721 ± 0.027(stat) ± 0.030(syst)

◼ Using likelihood-ratio test, significance of 𝐶𝑃 violation for 
𝐵+ → 𝜌𝐾∗+ decay is above 9𝜎 taking systematics into account

◼ Direct 𝐶𝑃 asymmetry

𝒜𝐶𝑃
dir ≡

Σ𝜆∈{0,∥,⊥} ҧ𝐴𝜆 2 − 𝐴𝜆 2

Σ𝜆∈{0,∥,⊥} ҧ𝐴𝜆 2 + 𝐴𝜆 2 = 0.506 ± 0.062(stat) ± 0.025(syst)

( ҧ𝐴𝜆 for 𝐵−, 𝐴𝜆 for 𝐵+)

◼ 𝐶𝑃 asymmetries for magnitude, phase and polarization

𝒜𝐶𝑃 𝐴0 2 ≡
ҧ𝐴0 2 − 𝐴0 2

ҧ𝐴0 2 + 𝐴0 2 = 0.666 ± 0.081 ± 0.048,

Δ𝐶𝑃 𝛿0 ≡ ҧ𝛿0 − 𝛿0 = 0.774 ± 0.172 ± 0.078

𝒜𝐶𝑃 𝑓𝐿 ≡
ҧ𝑓𝐿 − 𝑓𝐿
ҧ𝑓𝐿 + 𝑓𝐿

= 0.241 ± 0.083 ± 0.050

First observation of 𝐶𝑃 violation in 
this decay

[LHCb-PAPER-2025-026]
(In preparation)

Theory

BaBar

This work

Consistent with and 
more precise than 

previous results

https://arxiv.org/abs/2508.13563
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B0
(s) → K*0K̄*0

•  and  decays loop-level mediated at lowest 
order


• Closely related by U-spin swap of s  d


• Under QCD factorisation hypothesis, cancellation of QCD uncertainties 
motivate the measurement of a clean ratio of longitudinal branching ratio:


• Latest  predictions with different form factor treatments: 
I : predicitions based solely on LCSR, II : LCSR and lattice QCD

B0 → K*0K̄*0 B0
s → K*0K̄*0

↔

LK*0K̄*0

B0
(s) ! K ⇤0K ⇤0 LHCb-PAPER-2025-046, in preparation

B0
s ! K⇤0K⇤0 and B0

! K⇤0K⇤0 decays loop-level at lowest order
Closely related by U-spin swap of s $ d
Theory-motivated observable

LK⇤0K⇤0 = G
B(B0

s ! K⇤0K⇤0)

B(B0! K⇤0K⇤0)

f s
L

f d
L
,

where G is a lifetime and phase-space factor
Latest LK⇤0K⇤0 predictions with different form factor treatments

LI
K⇤0K⇤0 = 18.34+7.47
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[JHEP 09 (2025) 188]
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• Latest results from LHCb:  time independent angular analysis determined for both  and  with  of 
data 

B0 Bs 3fb−1


fB0
s

L = 0.240 ± 0.031(stat) ± 0.025(syst)

fB0

L = 0.724 ± 0.051(stat) ± 0.016(syst)

•  well compatible with SM prediction!fB0

L

• Using naive luminosity scaling the measurement on  is 
going to be systematically dominated:


• Major contributions to syst. budget are from simulation 
sample size and S-wave mass model


• Reduce the latter by decomposing the amplitudes using 
angular momentum eigenfunctions rather than helicity basis

fBs
L

Table 6: Systematic uncertainties for the parameters of the amplitude-analysis fit of the
B0

(s)! (K+⇡�)(K�⇡+) decay. The bias related to di↵erences between data and simulation is
included in the results shown in Table 4.

Decay mode B0! (K+⇡�)(K�⇡+)
Parameter fL xfk |A�

S |2 x|A+

S |2 x|ASS |2 �k �? � �+S ��S �SS
Bias data-simulation 0.001 0.00 0.006 �0.001 0.004 0.01 �0.01 0.00 0.01
Fit method 0.007 0.01 0.011 0.009 0.001 0.00 0.01 0.00 0.02
Kinematic acceptance 0.005 0.01 0.006 0.004 0.002 0.03 0.12 0.01 0.04
Resolution 0.007 0.00 0.005 0.001 0.002 0.00 0.16 0.00 0.02
P–wave mass model 0.001 0.00 0.004 0.001 0.002 0.00 0.01 0.00 0.02
S–wave mass model 0.007 0.01 0.016 0.003 0.002 0.03 0.03 0.03 0.02
Di↵erences data-simulation 0.004 0.00 0.002 0.001 0.001 0.01 0.01 0.01 0.01
Background subtraction 0.002 0.01 0.006 0.001 0.002 0.01 0.06 0.01 0.09
Peaking backgrounds 0.009 0.02 0.009 0.003 0.003 0.04 0.06 0.01 0.08
Total systematic unc. 0.016 0.03 0.024 0.011 0.006 0.06 0.22 0.04 0.13

Decay mode B0

s ! (K+⇡�)(K�⇡+)
Parameter fL xfk |A�

S |2 x|A+

S |2 x|ASS |2 �k �? � �+S ��S �SS
Bias data-simulation 0.004 0.003 0.007 �0.003 0.021 0.05 0.00 0.05 0.07
Fit method 0.001 0.000 0.001 0.000 0.000 0.00 0.00 0.00 0.00
Kinematic acceptance 0.011 0.006 0.011 0.021 0.009 0.05 0.07 0.05 0.05
Resolution 0.002 0.001 0.000 0.002 0.000 0.00 0.00 0.00 0.00
P–wave mass model 0.001 0.000 0.001 0.002 0.009 0.00 0.01 0.00 0.01
S–wave mass model 0.021 0.001 0.007 0.011 0.028 0.03 0.02 0.03 0.02
Di↵erences data-simulation 0.002 0.000 0.001 0.001 0.001 0.01 0.00 0.01 0.01
Background subtraction 0.000 0.001 0.001 0.001 0.004 0.01 0.01 0.01 0.01
Peaking backgrounds 0.003 0.008 0.002 0.002 0.002 0.02 0.01 0.02 0.01
Time acceptance 0.008 0.014 0.008 0.004 0.005 0.00 0.00 0.00 0.00
Total systematic unc. 0.025 0.010 0.014 0.024 0.031 0.06 0.07 0.06 0.05

where, for each channel, "B0

(s)
is the detection e�ciency, �fL

B0

(s)
is a polarisation-dependent

correction of the e�ciency, originated in di↵erences between the measured polarisation
and that assumed in simulation, NB0

(s)
is the measured number of B0

(s)! (K+⇡�)(K�⇡+)

candidates and fD
B0

(s)
represents the V V signal purity at detection. In this way NB0

(s)
⇥fD

B0

(s)

represents the B0

(s)! K⇤0K⇤0 yield. Finally, fd and fs are the hadronisation fractions of

a b-quark into a B0 and B0

s meson, respectively.
The purity at detection and the �fL factor ratios, k

B0

(s)
, are obtained for each decay

mode as

k
B0

(s)
⌘

�fL
B0

(s)

fD
B0

(s)

=

6P
i=1

6P
j�i

Re[AiA⇤
j

⇣
1�⌘i
�H

+ 1+⌘i
�L

⌘
!k
ij]

(1� |A�
S |2 � |A+

S |2 � |ASS|2)
3P

i=1

3P
j�i

Re[Asim

i Asim⇤
j

⇣
1�⌘i
�H

+ 1+⌘i
�L

⌘
!k
ij]

,

(12)
where the !k

ij coe�cients are defined in Eq. (9), Asim

i are the amplitudes used to gen-
erate signal samples, and the ⌘i values are given in Table 2. Also in this case, for the

16

[JHEP 07 (2019) 032]
B0

(s) → K*0K̄*0

https://arxiv.org/abs/1905.06662
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: covariant tensor formalismB0
(s) → K*0K̄*0

• The angular model in helicity formalism is fine, the problem 
arises in the mass variables: 


• Longitudinal and parallel amplitudes are not eigenstates of 
angular momentum but rather a superposition of  


• In Blatt-Weisskopf barrier factors set  as baseline 
and trial  as systematic

L = 0, 2

L = 0
L = 2

• In covariant tensor formalism amplitudes are built from spin amplitudes, which are eigenstates of ang. 
mom.:


 

•  complex coefficients,  spin amplitudes  mass lineshapes of the resonances (Breit-Wigner, 
LASS, dispersive scattering model.. ) and  are the Blatt-Weisskopf factors


• Rather than angles and masses use , the of four-momenta of final state particles as fit basis


ai Si(Φ4) Ti(Φ4)
Bi(Φ4)

Φ4

Motivation for covariant tensor formalism

The angular model is fine, but there’s a problem induced in the mass
Decomposition of amplitude for a single component in phase space �4

A(�4) ⌘ F(K+⇡�)(K�⇡+)(�4)[FK+⇡�(�4)TK+⇡�(�4)][FK�⇡+(�4)TK�⇡+(�4)]Z(�4)

Z(�4): angular amplitude

T (�4): mass propagator e.g. Breit–Wigner

F (�4): Blatt–Weisskopf barrier factor
Attribute finite sizes to decaying states, deviate from point-like interactions
Assume square-well potential with e↵ective radius r = 4.0GeV�1

⇡ 0.8 fm
For breakup momentum q and relative orbital angular momentum L

F (q, L) ⌘

8
>>>><

>>>>:

1 if L = 0 ,
1p

1 + (qr)2
if L = 1 ,

1p
9 + 3(qr)2 + (qr)4

if L = 2 .

Key experimental aspects of the branching fraction measurement and amplitude analysis of
B0

(s)! (K+⇡�)(K�⇡+) decays in the, B0
(s)! K⇤0K⇤0 region 5 / 31

B

A(Φ4) = ∑
i

aiSi(Φ4)Ti(Φ4)Bi(Φ4)
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A(Φ4) = ∑
i

aiSi(Φ4)Ti(Φ4)Bi(Φ4)

• Sum runs over  amplitudes, each  can be in a vector (V) or scalar (S) state:


•  ( -wave only)


•  and  ( -wave only)


•  ( ,  and  wave)


•  Region in  considered 


• Upper limit is set to keep us in the elastic region (i.e. below  production) since the S-wave parametrisation is simpler 


• First time at LHCb fitting the  S-wave down to threshold


• Higher order spins (e.g. tensors) not included as nominal but considered as systematics


•  mass modelled by a relativistic Breit-Wigner line-shape


•  mass modelled with dispersive scattering model (Peláez-Rodas parametrisation [arXiv:2010.11222]

i = 6 Kπ

SS S

VS SV P

VV S− P− D−

m(Kπ) ((K±π∓) threshold  < m(K±π∓) < 1042) MeV/c2

Kη

K±π∓

VKπ

SKπ

: covariant tensor formalismB0
(s) → K*0K̄*0

https://arxiv.org/abs/2010.11222
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B0
(s) → K*0K̄*0

• Before we can proceed for the angular fit, first isolate the signal of interest with a fit to 


• The branching ratio of  and  is also provided separately:


• Normalise with respect to open charm decays  and  with the same number of 
 and  in the final state:


m(KπKπ)

B0
s → K*0K̄*0 B0 → K*0K̄*0

B0
s → D−

s π+ B0 → D−π+

K π

[arXiv:2512.05102]

https://arxiv.org/abs/2512.05102
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B0
(s) → K*0K̄*0

Results in covariant tensor formalism

B0
s

Key experimental aspects of the branching fraction measurement and amplitude analysis of
B0

(s)! (K+⇡�)(K�⇡+) decays in the, B0
(s)! K⇤0K⇤0 region 11 / 31

[arXiv:2512.05102]

https://arxiv.org/abs/2512.05102
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B0
(s) → K*0K̄*0

Results in covariant tensor formalism

B0

Key experimental aspects of the branching fraction measurement and amplitude analysis of
B0

(s)! (K+⇡�)(K�⇡+) decays in the, B0
(s)! K⇤0K⇤0 region 10 / 31

[arXiv:2512.05102]

https://arxiv.org/abs/2512.05102
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B0
(s) → K*0K̄*0

• Spin amplitudes for 
B0
(s) → K*0K̄*0

• Where  is the relative orbital angular momentum tensor of initial state with momentum  
decaying to a two body with relative momentum  between decay products


Result are fit frations of the kind


Lμ1..μL
(p, q) p

q = p1 − p2
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B0
(s) → K*0K̄*0

• To recast results in transversity basis generate pseudoexperiments from the fit result:


• Fit back with angular amplitude in trasversity basis in 3D


Results in transversity basis

Generate pseudoexperiments from fit result

Fit with angular amplitude in transversity basis in 3D

ZV V (✓K+⇡� , ✓K�⇡+ ,') / AL cos ✓K+⇡� cos ✓K�⇡+

+
Ak
p
2
sin ✓K+⇡� sin ✓K�⇡+ cos'+

A?
p
2
sin ✓K+⇡� sin ✓K�⇡+ sin'

In covariant tensor formalism, AP is the only P -odd amplitude

In transversity basis, A? is the only P -odd amplitude

Can only mean one thing, AP = A?
An important cross-check of error propagation

fL(B
0) = (60± 2± 2)%

fL(B
0
s ) = (15.9± 1.0± 0.7)%

This and several other important improvements have the desired e↵ect
Time-dependent Run 1 analysis systematics limited
Time-integrated Run 1+2 analysis statistics limited

Key experimental aspects of the branching fraction measurement and amplitude analysis of
B0

(s)! (K+⇡�)(K�⇡+) decays in the, B0
(s)! K⇤0K⇤0 region 12 / 31

A


fB0
s

L = 0.159 ± 0.010(stat) ± 0.007(syst)

fB0

L = 0.600 ± 0.022(stat) ± 0.017(syst)

[arXiv:2512.05102]

• Most precise branching fractions 
measurements, improving over the PDG 
uncertainties a factor 5 for   and 
4 for 


•  in good agreement with previous exp 
value of 




• Now stat dominated (syst uncert driven by 
background modelling)


• Tension with SM persists

B0
s → K*0K̄*0

B0 → K*0K̄*0

LK*0K̄*0

LK*0K̄*0 = 4.43 ± 0.92

https://arxiv.org/abs/2512.05102


B0
s → J/ψK*(892)0
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The run for ϕs

ϕs = − 2βs = − 0.0376+.0006
−.0005 ϕs = − 0.0367 ± 0.0010[CKMfitter] [UTfit]

• SM prediction for mixing induced CPV effects in  decays 
is very precise 

• Sensitive to NP contributions in mixing 


•  is the golden mode for  measurements:


• Penguin amplitudes are subdominant


• Requires a flavour-tagged, angular and time-dependent 
analysis


• World average is dominated by LHCb measurement 
 [PRL 132 (2024) 051802] 


• New modes governed by the same underlying transition will 
tighten the room for NP contributions

b → cc̄s

Bs → J/ψϕ ϕs

[HFLAV] averaging group

ϕJ/ψKK
s = − 0.044 ± 0.020 rad

http://ckmfitter.in2p3.fr/www/results/plots_summer23/num/ckmEval_results_summer23.html#etiquette2
http://www.utfit.org/UTfit/ResultsSummer2023SM
https://doi.org/10.1103/PhysRevLett.132.051802
https://hflav-eos.web.cern.ch/hflav-eos/osc/PDG_2025/HFLAV_phis_inputs/HFLAV_phis_inputs.pdf
http://www.apple.com/uk
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• Subleading SM loop contributions in  decay complicate the 
interpretation of experimental measurements in terms of 


• Goal: measure CP asymmetry of CKM suppressed  decays, 
e.g.  , to constrain penguin parameters in  via 
approximate 


• Run2 Time-Integrated angular analysis of  allows to:


• Fit for P-wave amplitudes to extract polarisation fractions (combine 
with Run1 results to obtain most precise values to date)


• Update the branching ratio of 


• Measurement of  and constrain penguin parameters  

Bs → J/ψϕ
ϕs

b → cc̄d
B0

s → J/ψK*0 Bs → J/ψϕ
SU(3)F

B0
s → J/ψK*0

B0
s → J/ψK*0

ACP (a′￼, θ′￼)

process tree level 
coupling

loop level 
coupling

∼ λ2 ∼ λ4

∼ λ4 ∼ λ4

Bs → J/ψϕ

Bs → J/ψK*0

Contrib. from SM 
loops

 and polarisation measurements in  decaysCPV B0
s → J/ψK*(892)0

[arXiv:2506.22090] submitted to JHEP

https://arxiv.org/abs/2506.22090
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• Event selection and mass fit:


• Selection: PID, kinematic cuts,  window 
around the   mass, veto of  and 

 misID 


• In addition to combinatorial BDT, train another BDT using 
simulation:


• Based on tracking reconstruction quality variables in 
decays after (before) T2 as a proxy for sig. (bkg), allowing 
to:


• Improve  purity in signal region


• Remove badly reconstructed candidates (e.g. decay in 
flight)


•  mass fit to extract  sWeights for angular fit

80(70) MeV/c2

J/ψ(K*0) Λ0
b → J/ψp→K+π−

B0
d/s → J/ψπ→Kπ

Bd

Bs

m(μμK−π−) B0
s

 and polarisation measurements in  decaysCPV B0
s → J/ψK*(892)0

No cut With cut

rejected

Sig. eff.  
bkg rej. eff. 

98.3 %
42 %

[arXiv:2506.22090] submitted to JHEP

https://arxiv.org/abs/2506.22090
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 and polarisation measurements in  decaysCPV B0
s → J/ψK*(892)0

• Angular analysis:


• Simultaneous fit for S and P wave amplitudes 
in 8 categories: 4  mass bins x 2 meson charges,


• S-P wave interference effects taken from Run1 analysis


• Angular acceptance evaluated from simulation samples, in bins of  and 
kaon charge


• Physics quantities of interest:


• CP averaged P-wave polarisation fractions, CP averaged S-wave fraction 
and CP asymmetries 


• Systematics considered include error on simulation corrections, fit model 
biases, contributions from external CP asymmetries 


• Combine with Run1 result for most precise determination of: 
 
 

• Using all measured quantities, recast result in terms of constraints on 

mKπ

mKπ

ACP
k

δϕloop
s

Br(B0
s → J/ψK*(892)0 = (4.13 ± 0.12 ± 0.07 ± 0.14 ± 0.45) × 10−5

stat syst fs/fd Br(B0)

Γk = ∫ akGk(Ω)dΩ
Bilinear combinations of A0,∥,⊥,S

Spherical harmonics

[arXiv:2506.22090] submitted to JHEP

https://cds.cern.ch/record/2048426?ln=en
https://arxiv.org/abs/2506.22090


D. Lancierini (ICL) Nonleptonic decays of heavy mesons Workshop, IPPP Durham, 24.03.26 33

• Several Run 1 + Run 2  analyses are ongoing including:


• 


• 


• 


• Time-dependent 


• Run 3 likely to have double the luminosity of 
Run 1 + Run 2


• Having moved to fully software based trigger roughly 
doubles the number of signal candidates per 

  huge dataset of charmless  decays  
to explore

B → VV

B0
(s) → ϕK*0

B0
(s) → ρ0K*0

B+ → ϕK*+

B0
(s) → K*0K̄*0

pb−1 → B → VV

Conclusions and prospects

{
Shed more light on the polarisation puzzle

Most precise determination of  in a  transitionϕdd
s b → dd̄s



Thanks for listening



Spare slides
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• The heavy-quark limit implies the polarisation hierarchy  in  
decays, with QCDF predicting [Nucl.Phys.B774:64-101,2007] :

fL ≫ f∥,⊥ B(s) → K*0K̄0*

fB0
L = 0.69+0.16

−0.20 fBs
L = 0.72+0.16

−0.21

[LHCb: JHEP 03 (2018) 140]

[LHCb: JHEP 07 (2015) 166]

[LHCb: JHEP 07 (2019) 032]

B (
s)

→
K

*0
K̄

0*

TI CP asymmetries in  with  of 
data


• Within uncertainties consistent with no CP violation 


• Low value of  confirmed


Bs → K*0K̄0* 1fb−1

fBs
L

fBs
L = 0.201 ± 0.057(stat) ± 0.040(syst)

: amplitude analysis and branching fraction measurementB0
(s) → K*0K̄*0

http://www.apple.com/uk
https://arxiv.org/abs/1712.08683
https://arxiv.org/abs/1503.05362
https://arxiv.org/abs/1905.06662
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• The heavy-quark limit implies the polarisation hierarchy  in  
decays, with QCDF predicting [Nucl.Phys.B774:64-101,2007] :

fL ≫ f∥,⊥ B(s) → K*0K̄0*

TD CP asymmetries in  with  of 
data


• First measurement of the CP-violating phase





• Low value of  confirmed


Bs → K*0K̄0* 3fb−1

ϕss̄
s = − 0.10 ± 0.13(stat) ± 0.14(syst)

fBs
L

fBs
L = 0.208 ± 0.032(stat) ± 0.046(syst)

[LHCb: JHEP 03 (2018) 140]

[LHCb: JHEP 07 (2015) 166]

[LHCb: JHEP 07 (2019) 032]

B (
s)

→
K

*0
K̄

0*

fB0
L = 0.69+0.16

−0.20 fBs
L = 0.72+0.16

−0.21

: amplitude analysis and branching fraction measurementB0
(s) → K*0K̄*0

http://www.apple.com/uk
https://arxiv.org/abs/1712.08683
https://arxiv.org/abs/1503.05362
https://arxiv.org/abs/1905.06662
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• The heavy-quark limit implies the polarisation hierarchy  in  
decays, with QCDF predicting [Nucl.Phys.B774:64-101,2007] :

fL ≫ f∥,⊥ B(s) → K*0K̄0*

TD CP asymmetries in  with  of 
data


• First measurement of the CP-violating phase





• Low value of  confirmed


Bs → K*0K̄0* 3fb−1

ϕss̄
s = − 0.10 ± 0.13(stat) ± 0.14(syst)

fBs
L

fBs
L = 0.208 ± 0.032(stat) ± 0.046(syst)

[LHCb: JHEP 03 (2018) 140]

[LHCb: JHEP 07 (2015) 166]

[LHCb: JHEP 07 (2019) 032]

B (
s)

→
K

*0
K̄

0*

fB0
L = 0.69+0.16

−0.20 fBs
L = 0.72+0.16

−0.21

: amplitude analysis and branching fraction measurementB0
(s) → K*0K̄*0

http://www.apple.com/uk
https://arxiv.org/abs/1712.08683
https://arxiv.org/abs/1503.05362
https://arxiv.org/abs/1905.06662
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: covariant tensor formalismB0
(s) → K*0K̄*0

•  rank J polarisation tensor with Lorentz indices .


• Rarita-Schwinger polarisation tensor symmetric traceless and 
orthogonal to 


• Reduce  components to 


• P projection operator, L contraction with relative momentum in 2 body 
decay


• Square brackets relative angular momentum between intermediate 
states

εμ1..μL
(p, λ) μi

p

4J 2J + 1


