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Over the past two decades, several heavy-flavor hadrons have been observed, with their properties
inconsistent with predictions from conventional gg or gqq models. These findings offer insights
into quark binding and QCD. It is then important to continue the search for new states, as each
discovery improves our knowledge and provides important input to the theory. This talk presents
an amplitude analysis of the B® — 75.(1S)K*n~ decay, based on a dataset corresponding to
approximately 9 fb~! of proton-proton collision data. The analysis search for the presence of an
exotic resonance in the n.(1S)7~ system. The Dalitz plot is described using only established
K* resonances as intermediate states, as no significant evidence is found for an exotic resonance,
contrary to an earlier claim based on previous data. The inclusive branching fraction of the decay
is measured together with the branching fracions of the B® — 7. (15)K* decays.
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1. Introduction and Physics Motivation

B-meson decays containing a charmonium state probe both weak and strong interaction effects
and may reveal exotic hadron structures beyond the conventional quark model. Charged charmo-
niumlike states discovered in recent years, such as the T.z;(3900) [1], suggest that multiquark
configurations or molecular states may appear in systems that involve a charmonium particle and a
light meson.

The .7~ subsystem is particularly interesting because some theoretical models predict charged
states in the mass region accessible in this decay. This analysis performs a detailed amplitude study
to search for resonant structures and measure the decay dynamics. Data collected from the LHCb
experiment from both Run 1 (2011-2012) and Run 2 (2015-2018) are used, corresponding to 9 fb1.

2. Selection of B — ppK*n~ decays

The 1.(1S) meson is reconstructed via its pp decay mode, chosen for its good signal purity
and manageable background levels. The selection involves standard track quality criteria, vertex fit
requirements, and particle-identification (PID) cuts to efficiently identify protons, kaons, and pions.

A Boosted Decision Tree (BDT) [2] is trained separately for Run 1 and Run 2 to suppress
combinatorial background in B® — ppK*n~ candidates, using simulated signal and high-mass
sideband data as background while avoiding regions with partially reconstructed decays. The clas-
sifiers use kinematic, vertexing, and topology-related variables, with Run 2 additionally including
PID information. To further reduce specific backgrounds, candidates consistent with DY — K*n~,
AZ — pK*n~ and ¢ — K*K~ decays are vetoed.

3. Selection of B — 1.(15)K*7~ decays

A two-dimensional extended maximum-likelihood fit is performed to the m;x+,- and m;
mass spectra in order to separate the B° — n.(1S)K*n~ signal from the nonresonant B —
ppK*n~ and combinatorial components. The fit is performed in the ranges 5220-5340 MeV for
mp i+ - and 2908-3058 MeV for the 7. region in m ;.

The analysis is carried out separately for Run 1 and Run 2 using RooFit [3]. The extracted
signal yields are N3¢" ! =772+ 70 and NJ§"? = 4266 + 139. The plots on

—nc(1S)K* 7~ —n:(1S)K+n~
Figure 1 show the projections of the mass fits for the Run 1 and Run 2 samples.

4. Branching ratio measurement

The inclusive branching fraction of B® — 1.(15)K*7~ is measured relative to the normalisa-
tion channel B® — J/yK*n~, with J/y — pp, using

By = pp) Ny.s) €ijy

B(B" = n.(1)K*n") = B(B® — J[yK*n") a ,
BMmc(1S) = pp) Nyjy €y.(15)

€]

where the external branching ratios are taken from [4]. The values N, (1s) and Nj,, are the
respective yields extracted from the two dimensional fit, while €;,,, and €,,_(15) are the efliciencies
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Figure 1: Results of the two-dimensional mass fit to the (left) mg+,- and (right) m distributions for the
(top) Run 1 and (bottom) Run 2 datasets in the region of the resonance.Taken from Ref. [10].

of the signal and normalisation channel calculated from simulation with data-driven corrections
applied. The yield of the normalisation channel is extracted using the same strategy previously
described, using the range 3072 — 3122 MeV for the m , ; invariant mass. Systematic uncertainties
are evaluated by varying fit models and changing fit ranges. The combined value of the branching
fraction is (5.82 +0.20 + 0.23 + 0.55) x 1074, obtained as a weighted average of Run 1 and Run 2.

5. Amplitude Analysis Model

Using the sPlot technique [9] applied to the results of the two-dimensional mass fit in the region
of the 77, (1S) resonance, the background-subtracted Dalitz Plot (DP) is determined and shown in
Fig. 2.

The decay amplitude is modeled as a coherent sum of intermediate resonances and nonresonant
components. The Laura++ [5] package has been used to perform the amplitude fit. Due to the
non-negligible width of the n.(1S) resonance the kinematics variables of p and p are used to
compute the kinematics variables used in the amplitude fit. The baseline model comprises only K*
resonances such as: K*(892)°, K*(1410)°, K(’)“(1430)°, K;(1430)0, K*(1680)° and K(’)“(1950)°.

Lineshapes are modeled with relativistic Breit-Wigner functions except the K ( 1430)° that is
described using a LASS function [6]. Angular dependence follows the standard helicity formalism.
Fits are performed multiple times with random inital parameters to assure the reaching of the global
minimum. The LASS parameters are left floating in the fit while the mass and width of K (1430)°
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Figure 2: Background-subtracted DP distribution of the B® — 7. (15)K* 7~ decay. Taken from Ref. [10].

are gaussian constrained to their PDG values [4]. Figures 3 report the projection of the data and
fit results on the K*7n~, n.(1S)K™ and n.(1S)n~ invariant masses. Discrepancies between data
and fit projections onto the m,, (1s)>- and m,,_(1s)k+ distributions are visible. The goodness of
fit is assessed using several complementary approaches: a y? test based on pseudoexperiments,
a comparison of unnormalised Legendre moments between background-subtracted data and the
fit results, and a p-value evaluation using 1000 pseudoexperiments. All these tests consistently
indicate that the fit provides a good and unbiased description of the data.

6. Addition of an exotic resonance

A better data description is achieved by adding an exotic resonance, 7, in the n.(18)7~
system to the model , defined as extended model. The quantum number hypothesis giving the
best result is J© = 17. The mass and width of the exotic candidate are left free to vary, while
the same strategy used for the baseline model is used for the K* resonances. Figures 4 report the
projection of the data and fit results. The mass and width of the candidate are measured to be
mr,. = 4106 £ 23 MeV and I'7,. = 506 + 166 MeV. The same tests are performed to the results
of the extended model, again they are consistent with a good and unbiased fit. A likelihood-ratio
test, based on the log-likelihood difference with respect to the baseline value [7] is used to compare
different amplitude models. The significance of the 7 candidate is evaluated from the value of the
likelihood-ratio, assuming that this quantity follows a y? distribution and taking into account the
look-elsewhere effect. The statistical significance of the T.z- candidate is found to be 3.60 .

7. Systematics uncertainties

Several systematic sources have been considered: variations of the background model using
fluctuated histogram templates, changes to the efficiency parametrisation, propagation of statistical
uncertainties on signal and background yields, potential fit bias evaluated with pseudoexperiments;
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Figure 3: Projections of the B — n.(1S)K*x~ data and fit using the baseline model onto the (top
left) mg+ -, (top right) m,,_(15)-- and (bottom) m,, (1s)k+.Taken from Ref. [10].

variations of the 77, (1S) mass and width used in computing kinematic variables; uncertainties in the
K* resonance parameters and Blatt—Weisskopf radii, and replacement of the LASS K*n~ S-wave
with alternative resonance-based parametrisations. The dominant contribution comes from the
background modelling. The significance of the 7.z~ candidate has been recalculated taking into
account the systematic uncertainty studies. The significance of the exotic candidate drops to 2.50
when including the background parametrisation.

8. Conclusions

An amplitude analysis of the B® — 1.(15)K*n~ decay is performed using the full Run 1 and
Run 2 LHCb dataset, corresponding to 9 fb~!. The inclusion of a charged exotic charmonium-like
candidate decaying to n.(1S)n~ improves the fit description, its contribution is not significant
once systematic uncertainties are considered. The analysis also provides a measurement of the
inclusive B — 1.(1S)K* 7~ branching fraction and of the branching fractions of the contributing
K* intermediate states. With a dataset roughly twice the size of the previous study, these results
supersede those of Ref. [8].
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