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Spectroscopy at LHCb
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The LHCb Detector
LHCb is a single-arm spectrometer in the forward region (2 < η < 5) at the LHC.
Optimised for studying b (and c) decays which are boosted in the forward region.
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Boosting of bb̄ pair
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The LHCb Detector IJMPA 30 (2015) 07, 1530022

Why is LHCb good for spectroscopy? Tracking and PID:

VELO and T stations.
▶ Momentum resolution σp/p ≈ 0.5− 1%.
▶ IP resolution (15 + 29/pT [GeV])µm.

Good mass resolution driven by:
▶ Momentum resolution from trackers.
▶ Vertex resolution from silicon pixel

vertex detector.
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The LHCb Detector IJMPA 30 (2015) 07, 1530022

Why is LHCb good for spectroscopy? Tracking and PID:

Muon, RICH, ECAL and HCAL.
▶ ϵ(e) ∼ 90%, e → h misID ∼ 5%.
▶ ϵ(K) ∼ 95%, π → K misID ∼ 5%.
▶ ϵ(µ) ∼ 97%, π → µ misID ∼ 1− 3%.

Good particle identification:
▶ Identify final state particles with high

signal-to-background ratio, e.g.
χc1(3872) → J/ψ(→ µ+µ−)π+π−.
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Recent Spectroscopy Results
LHCb has a strong record of spectroscopy results. 74 hadrons at LHCb!
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Recent Spectroscopy Results

Conventional:
▶ Bc(1P)+ in B+

c γ spectroscopy.
▶ Ds1(2933)+ in B0 → D+D−K+π−.
▶ Σc(2800)0, Σc(2900)0 ,Σc(3200)0 in B− → Λ+

c p̄π−.
▶ Ξ+

cc discovery covered by Jibo He.
Exotic:
▶ Tcc̄(4430)+ in B+ → ψ(2S)K0

sπ
+.

▶ Amplitude analysis of B0 → ηcK+π−.
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Conventional Spectroscopy
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Bc(1P)+ → B+
c γ PRD 112 (2025) 11, 112003, PRL 135 (2025) 23, 231902

B+
c is the only weakly decaying meson with two heavy quarks.
▶ Like heavy cc̄ and bb̄ quarkonia, its production can be predicted by NRQCD.

Unlike QQ̄, excited B+
c decay radiatively or via light hadrons below BD threshold.

▶ Search for orbitally excited Bc(1P)+ states via B+
c γ.
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Bc(1P)+ → B+
c γ PRD 112 (2025) 11, 112003, PRL 135 (2025) 23, 231902

Observation of Bc(1P)+ → B+
c γ decays, global significance 8σ, local 7σ.

Experimental data can fitted with effective two-peak model:
▶ M1 = 6704.8± 5.5(stat)± 2.8(syst)± 0.3(B+

c ) MeV
▶ M2 = 6752.4± 9.5(stat)± 3.1(syst)± 0.3(B+

c ) MeV
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Bc(1P)+ → B+
c γ PRD 112 (2025) 11, 112003, PRL 135 (2025) 23, 231902

There are four Bc(1P)+ states, but six possible peaks due to missing photons in
B∗+

c = Bc(1
3S1)

+. Explained elegantly from Liupan’s CERN Seminar.

/33

𝐿 = 1⨂ 𝑆 = B
0 ⇒ 1s𝑃s
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𝐵! 1𝑃 " states
→ 𝐵.G𝛾: peak in 𝐵.G𝛾 mass spectrum
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but shifted downwards by 
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Bc(1P)+ → B+
c γ PRD 112 (2025) 11, 112003, PRL 135 (2025) 23, 231902

Tested various theory models predicting the 6-peak Bc(1P)+ spectrum.
▶ All of them give p-values of 15− 90%.

Relative production rate of excited Bc(1P)+ to ground state B+
c consistent with

BcVegPy prediction of 0.17− 0.19:
R = 0.20± 0.03(stat)± 0.03(theory)
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Table 1: Predicted masses for the 1P B+
c states and the mass difference δM =M(B∗+

c )−M(B+
c )

between the two first S-wave states (in units of MeV/c2) , along with the mixing angle θ.

δM M(13P0) M(1P1) M(1P ′
1) M(13P2) θ [◦]

Lattice QCD [1] 41 6727 6743 6765 6783 33.4
GKLT [5] 64 6683 6717 6729 6743 17.1
GJ [6] 61 6689 6738 6757 6773 25.6
FUII [7] 55 6701 6737 6760 6772 28.5
EFG [8] 62 6699 6734 6749 6762 20.4
GI [9] 67 6706 6741 6750 6768 22.4
EQ [10] 54 6693 6731 6739 6759 18.7
LLLLGZ [11] 55 6714 6757 6776 6787 35.5
WWLC [12] 55 6705 6739 6748 6762 32.2
LTFWP [13] 53 6712 6770 6761 6783 −24.3
LLWL [14] 67 6701 6745 6754 6773 35.2
HZ [15] 63 6707 6751 6786 6802 55.0

within the framework of lattice QCD have been provided by a recent study [4], albeit
for a subset of the Bc(1P )+ states. In total, six peaks from Bc(1P )+ states are expected
in the B+

c γ mass spectrum: Two correspond to the masses of the 1P1 and 1P ′
1 states,

while the remaining four are displaced by δM from the masses of the 13P0, 1P1, 1P ′
1, and

13P2 states. The differences between the reconstructed Bc(1P )+ masses in the B+
c γ mass

spectrum and the ground-state B+
c mass, denoted as M(B+

c γ) −M(B+
c ), are expected to

be in the range [340, 520] MeV/c2 [1, 5–15].
Using proton-proton (pp) collision data recorded by the LHCb experiment at center-

of-mass energies of
√
s = 7, 8, and 13 TeV, corresponding to integrated luminosities of 1,

2, and 6 fb−1, respectively, a wide peaking structure consistent with the Bc(1P )+ states
is observed in the B+

c γ system reconstructed through the B+
c → J/ψ(→ µ+µ−)π+ decay

chain, as reported in Ref. [43]. This paper focuses on the interpretation of the Bc(1P )+

structure and its production measurement and provides details of the selection criteria
and the photon energy correction method. A brief introduction to the LHCb detector
along with the reconstruction and simulation procedures is provided in Sec. 2. The event
selection criteria are detailed in Sec. 3. The correction of the photon energy is discussed
in Sec. 4. The Bc(1P )+ signal yield and corresponding peak locations are determined in
Sec. 5 using a theory-independent approach. Tests of theoretical models and measurement
of Bc(1P )+ production are reported in Sec. 6. Systematic uncertainties on the production
rates are evaluated in Sec. 7. All results are summarized in Sec. 8.

2 Detector and simulation

The LHCb detector [44, 45] is a single-arm forward spectrometer covering the pseudo-
rapidity range 2 < η < 5, designed for the study of particles containing b or c quarks.
The detector includes a high-precision tracking system consisting of a silicon-strip vertex
detector surrounding the pp interaction region, a large-area silicon-strip detector located

2
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D+
s Quark Model PRD 93 (2016) 3, 034035

D∗
s0(2317)

+ → D+
s π

0 (JP = 0+) and Ds1(2460)
+ → D+

s γ (JP = 1+) are about
∼ 100 MeV/c2 below predicted quark model masses. PLB 568 (2003) 254-260
▶ Predictions D∗

s0(2484)
+ and Ds1(2549)+.

Possible explanations include exotic tetraquarks.

BaBar: PRD 74 (2006) 032007

𝐷!"(2460)
𝐷!#∗ (2317)
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B0 → D+D−K+π− arXiv:2604.21257

PRL 126 (2021) 12, 122002 observed Ds0(2590)
+ in this decay mode with

amplitude analysis over partial m(K+π−) < 750 MeV data.
New Ds1(2933)

+ at > 10σ significance in full phase space amplitude analysis.
▶ M = 2933+6+4

−5−3 MeV, Γ = 72+18+7
−12−10 MeV.

▶ JP = 1+ favored over 0−, 1+, 2± by > 5σ.
Compatible with conventional Ds(2P′

1)
+ state.
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Figure 2: Distributions of m(D+K+ω→) for B0
→ D+D→K+ω→ candidates in the signal region

with fit results from model (left) without and (right) with the new D+
s state.

by this procedure. Its mass and width are measured to be197

m = 2933 +6
→5 (stat)

+4
→3 (syst)MeV,

! = 72 +18
→12 (stat)

+ 7
→10 (syst)MeV,

respectively, where the first uncertainty is statistical and the second systematic. Since198

its spin-parity is JP = 1+, the new state is denoted as Ds1(2933)+. The pole199

mass and width of the Ds0(2590)+ are found to be 2606 +2
→5 (stat)

+11
→11 (syst)MeV and200

87 + 5
→14 (stat)

+ 5
→13 (syst)MeV, respectively, consistent with the values reported in the pre-201

vious analysis [16]. Fit fractions, defined as in Ref. [42], are reported in Table 1 for all202

components in the amplitude model.203

Systematic uncertainties on the measured parameters are summarised in Tables 2204

and 3 of the End Matter. The dominant uncertainties arise from modeling of the205

resonance lineshapes, and are assessed by replacing the baseline parametrisations with other206

commonly used descriptions of the same states. For instance, the (K+ω→)S component is207

described using the LASS parameterisation [44] in the baseline model, and is replaced208

by a K-matrix formalism with parameters taken from the FOCUS experiment [46] when209

evaluating the associated systematic uncertainty. Other sources include imperfections in210

the corrections applied to simulated samples; limited size of input samples and the choice211

of hyper-parameters in the KDE used for e”ciency and background parametrisations;212

uncertainties from fixed resonance parameters and the Blatt–Weisskopf barrier radius;213

inclusion of additional potential contributions from known resonances, namely D↑
s3(2860)

+,214

Tcc1(3900), Tcc1(4430), T ↑
cs0(2870)

0, T ↑
cs1(2900)

0, T ↑
cs0(2900), ε(4230), ε(4360), and ε(4415);215

the background fraction determined from the B0 mass fit; the treatment of non-double-216

charm backgrounds and events with multiple B0 candidates; and potential intrinsic biases217

in the amplitude-fit procedure. The total systematic uncertainty is obtained by the sum218

in quadrature of the contributions from di#erent sources, with positive and negative219

variations treated separately.220

In conclusion, an amplitude analysis of the full phase space of B0
→ D+D→K+ω→

221

decays is performed, which reveals a new resonance, Ds1(2933)+, in the D+K+ω→ sys-222

tem with statistical significance exceeding 10 standard deviations. The Breit–Wigner223

parameters of this state are determined to be m = 2933 +6
→5 (stat)

+4
→3 (syst)MeV and224

! = 72 +18
→12 (stat)

+ 7
→10 (syst)MeV, with its spin-parity found to be JP = 1+. Fit frac-225

tions of the individual components in the amplitude fit are also measured. The Ds1(2933)+226

6

Figure: Without (left) and with (right) Ds1(2933)+ in the fit.
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Back To D+
s Quark Model PRD 93 (2016) 3, 034035

Like the D∗
s0(2317)

+ and Ds1(2460)
+, excited D+

sJ states found in
B0 → D+D−K+π− are also below expected quark model masses.

𝐷!"(2933)

𝐷!#	(2590)

Measured Ds0(2590)
+,

predicted Ds0(2673)
+.

Measured Ds1(2933)
+,

predicted Ds1(3038)
+ or

Ds1(3018)
+.

Are they non-conventional
resonances?
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B− → Λ+
c p̄π− LHCb-PAPER-2026-001 in preparation

Belle observed Σc(2800)
0 (PRL 94 (2005) 122002) but BaBar reported an

inconsistent mass (PRD 78 (2008) 112003) in B− → Λ+
c p̄π− decays.

New LHCb amplitude analysis of B− → Λ+
c p̄π− favors three Σ0

c:
▶ Two peak Σc(2800)0-Σc(2900)0 favored over single peak by 7.5σ.
▶ Σc(3200)0 observed with 12.0σ.
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Figure 2: Distributions of (a,d) mω+
c ε→ , (b,e) mω+

c p and (c,f) mpε→ invariant masses. The results
of the baseline fit for solutions of (top) group A and (bottom) B also shown.

of the ωc(2800)0 and widths of the ωc(2900)0 di!er significantly from those obtained in158

Group A. The preferred spin–parity assignments in Group B are JP = 1/2→, 1/2+, and159

3/2→ for the three ω↑↑0
c states, respectively. The two-body invariant-mass distributions160

and projections of the amplitude fit are shown in Fig. 2. Despite the di!erences in the161

individual contributions between the two groups, the overall fits describe the data equally162

well. The measured masses and widths of the three ω↑↑0
c states are listed in Table 1, where163

the quoted statistical uncertainties are obtained using pseudoexperiments.164

The best solution in each group is taken as baseline model, while the spread among165

solutions within the same group is assigned as a source of systematic uncertainty. The166

significance of the three ω↑↑0
c states is evaluated using likelihood-ratio tests based on pseu-167

doexperiments [41]. The two-resonance hypothesis to model the structure at 2.8GeV/c2,168

corresponding to the ωc(2800)0 and ωc(2900)0 states, is favored over the single-resonance169

hypothesis with a significance of 7.5ε, including systematic uncertainties. The ωc(3200)0170

state is observed with a significance of 12.0ε. Additional resonant contributions in the171

ϑ+
c ϖ

→ system are investigated but found to be negligible.172

The ratio between the fractional contribution of the high-mass ω↑↑0
c resonance to the173

B→→ ϑ+
c ϖ

→p decay and that of the ωc(2455)0 resonance is determined as174

R(ω↑↑0
c ) ↑ FF[B→→ ω↑↑0

c (→ ϑ+
c ϖ

→)p]

FF[B→→ ωc(2455)0(→ ϑ+
c ϖ

→)p]
, (3)

where the fraction (FF) for a resonance is calculated as the ratio of the phase-space175

integral of the squared amplitude for that resonance to the integral of the total squared176

amplitude. Relative fit fractions are obtained using integrals over the full Dalitz plot.177

Various systematic uncertainties are considered for the mass, width and fractions of178

the ω↑↑0
c states, as summarized in Tables 2 and 3 in the End Matter. The uncertainty179

associated with the invariant-mass fit is evaluated by repeating the amplitude fit while180

varying the background fraction within its statistical uncertainty and by modifying the181
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Figure 2: Distributions of (a,d) mω+
c ε→ , (b,e) mω+

c p and (c,f) mpε→ invariant masses. The results
of the baseline fit for solutions of (top) group A and (bottom) B also shown.

of the ωc(2800)0 and widths of the ωc(2900)0 di!er significantly from those obtained in158

Group A. The preferred spin–parity assignments in Group B are JP = 1/2→, 1/2+, and159

3/2→ for the three ω↑↑0
c states, respectively. The two-body invariant-mass distributions160

and projections of the amplitude fit are shown in Fig. 2. Despite the di!erences in the161

individual contributions between the two groups, the overall fits describe the data equally162

well. The measured masses and widths of the three ω↑↑0
c states are listed in Table 1, where163

the quoted statistical uncertainties are obtained using pseudoexperiments.164

The best solution in each group is taken as baseline model, while the spread among165

solutions within the same group is assigned as a source of systematic uncertainty. The166

significance of the three ω↑↑0
c states is evaluated using likelihood-ratio tests based on pseu-167

doexperiments [41]. The two-resonance hypothesis to model the structure at 2.8GeV/c2,168

corresponding to the ωc(2800)0 and ωc(2900)0 states, is favored over the single-resonance169

hypothesis with a significance of 7.5ε, including systematic uncertainties. The ωc(3200)0170

state is observed with a significance of 12.0ε. Additional resonant contributions in the171

ϑ+
c ϖ

→ system are investigated but found to be negligible.172

The ratio between the fractional contribution of the high-mass ω↑↑0
c resonance to the173

B→→ ϑ+
c ϖ

→p decay and that of the ωc(2455)0 resonance is determined as174

R(ω↑↑0
c ) ↑ FF[B→→ ω↑↑0

c (→ ϑ+
c ϖ

→)p]

FF[B→→ ωc(2455)0(→ ϑ+
c ϖ

→)p]
, (3)

where the fraction (FF) for a resonance is calculated as the ratio of the phase-space175

integral of the squared amplitude for that resonance to the integral of the total squared176

amplitude. Relative fit fractions are obtained using integrals over the full Dalitz plot.177

Various systematic uncertainties are considered for the mass, width and fractions of178

the ω↑↑0
c states, as summarized in Tables 2 and 3 in the End Matter. The uncertainty179

associated with the invariant-mass fit is evaluated by repeating the amplitude fit while180

varying the background fraction within its statistical uncertainty and by modifying the181
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B− → Λ+
c p̄π− LHCb-PAPER-2026-001 in preparation

Masses and widths categorized as Group A and Group B.
▶ Each group contains multiple spin-parity permutations, but measured masses

and widths are similar.
▶ Preferred JP is 3/2+, 1/2−, 3/2− for Group A.
▶ Preferred JP is 1/2−, 1/2+, 3/2− for Group B.

R is fit fraction relative to B− → Σc(2455)p̄.
Table 1: Masses, widths and relative fit fractions of B→→ ω↑↑0

c p ,ω↑↑0
c → ε+

c ϑ
→ relative to

B→→ ωc(2455)0p ,ω↑↑0
c → ε+

c ϑ
→ (R(ω↑↑0

c )) for two groups of solutions, the first uncertainties
are statistical and the second uncertainties are systematic.

Parameter Group A Group B

mωc(2800)0 [GeV/c2] 2.8192± 0.0060± 0.0020 2.8483± 0.0037± 0.0055

!ωc(2800)0 [GeV] 0.0326± 0.0068± 0.0080 0.0990± 0.0072± 0.0209

mωc(2900)0 [GeV/c2] 2.9077± 0.0048± 0.0087 2.9143± 0.0032± 0.0081

!ωc(2900)0 [GeV] 0.1754± 0.0082± 0.0225 0.0921± 0.0061± 0.0234

mωc(3200)0 [GeV/c2] 3.1859± 0.0059± 0.0144 3.1898± 0.0054± 0.0107

!ωc(3200)0 [GeV] 0.1331± 0.0176± 0.0267 0.1001± 0.0154± 0.0323

R(ωc(2800)0) 0.09± 0.02± 0.05 0.86± 0.07± 0.42

R(ωc(2900)0) 1.68± 0.07± 0.29 0.50± 0.04± 0.19

R(ωc(3200)0) 0.21± 0.03± 0.05 0.17± 0.03± 0.05

R(ωc(2520)0) 0.09± 0.01± 0.02 0.11± 0.01± 0.03

R((ε+
c ϑ

→)NRS→wave) 2.19± 0.14± 0.22 2.23± 0.11± 0.30

mass-fit parametrization. The fit is also repeated using data samples selected with182

di”erent BDT requirements, leading to varying signal and background yields. E#ciency183

uncertainties across the Dalitz plot arise from several sources: the binning scheme of the184

e#ciency map, assessed using alternative binning schemes; limited simulation statistics,185

estimated by resampling of the e#ciency map; and imperfections in track-e#ciency and186

modeling of the hardware-level trigger responses, which are corrected for with data-driven187

methods. All contributions are summed in quadrature to obtain the total e#ciency188

uncertainty. The uncertainty associated with the simulation sample accounts for both the189

limited size of the simulated sample and the discrepancy between the data and simulation190

samples on variables used in the BDT training. The impact of ε+
c decay is accounted191

for by reweighting simulation samples to match data. Since the reweighting depends192

on the chosen phase space, di”erent phase-space regions are used to assess this e”ect,193

and the resulting di”erences in are taken as a systematic uncertainty. The influence of194

ε+
c polarization is also considered by comparing data and simulation for distributions195

related to the ε+
c polarization and found to be negligible. Uncertainties arising from196

fixed parameters are also taken into account, including the resonance radii entering the197

Blatt–Weisskopf factors and the ϖ resonance lineshape parameters. The uncertainty198

from the resonance radii entering the Blatt–Weisskopf factors are studied by varying the199

baseline values of 4 (GeV/c)→1 to 3 or 5 (GeV/c)→1. The uncertainties associated with200

fixing the ϖ masses and widths are evaluated by allowing these parameters to float in the201

amplitude fit, with Gaussian constraints centered on their known values. For uncertainties202

associated with alternative models, instead of a coherent sum of Breit–Wigner amplitudes,203

K-matrix models [42] are used to describe the JP = 3/2→ ϖ resonances and JP = 1/2→204

ε+
c ϑ

→ contributions, respectively. Di”erent nonresonant models, such as second order205

polynomial functions, are tested. Since the JP quantum numbers of the three ω↑↑0
c states206

cannot be determined unambiguously, the spread among solutions within each group is207

treated as a source of systematic uncertainty, labeled as the JP configurations. The total208
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Exotic Spectroscopy
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B+ → ψ(2S)K0
sπ

+ Amplitude Analysis arXiv:2511.20428

Isospin partner of B0 → ψ(2S)K+π−,
Tcc̄(4430)

− → ψ(2S)π seen by Belle
(PRL 100 (2008) 142001). JP = 1+ confirm
by LHCb (PRL 112 (2014) 22, 222002).

M (MeV) Γ (MeV)
Bellea 4485± 22 +28

−11 200 +41
−46

+26
−35

LHCb 4475± 7 +15
−25 172± 13 +37

−34

aUpdated analysis: PRD (2009) 031104
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Isospin partner of B0 → ψ(2S)K+π−.
Fitting B+ → ψ(2S)K0

sπ
+ with only

K∗+ → K0
Sπ

+ resonances cannot
describe the data in m(J/ψπ+) well.
A model independent cubic spline
with L = 0 shows a circular loop,
supporting the existence of a
resonance.
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B+ → ψ(2S)K0
sπ

+ Amplitude Analysis arXiv:2511.20428

Breit-Wigner (BW) Tcc̄(4430)
+ model consistent with previous LHCb results:

▶ M = 4.452± 0.016+0.055
−0.033 GeV, Γ = 0.174± 0.019+0.083

−0.020 GeV.
▶ JP = 1+ is favored by 6σ over 0−, 1−, 2−, 2+.

Molecular hypothesis modelled with Flatté parameterization:

F =
1

m2
f − m2 − i(ρ1g2

1 + ρ2g2
2)

▶ With channel 1 = ψ(2S)π+ and channel 2 = D̄∗
1(2600)

0D+:

g1 = 1.58± 0.17+0.05
−0.82 GeV, g2 = 0.00± 1.78± 2.81 GeV.

▶ |g1/g2| < 6.8 at 95% confidence level, constraining D̄∗
1(2600)

0D+ channel coupling
to Tcc̄1(4430)+.

Tou Da Yu (Tsinghua University) Progress on Hadron Spectroscopy Studies at LHCb 第 6 届 LHCb 前沿物理研讨会, 26/05/24 19 / 31

https://arxiv.org/abs/2511.20428


B+ → ψ(2S)K0
sπ

+ Amplitude Analysis arXiv:2511.20428

Triangle singularity (PRD 100 (2019) 5, 051502) models data as well as BW.
▶ Arise from rescattering of ψ(4230)π+ → ψ(2S)π+ in B+ → ψ(4230)K∗(892)+.
▶ However, this implies a large B+ → ψ(4230)K∗(892)+ branching fraction, which

can be seen in other decay modes.
Current dataset is statistically limited: cannot distinguish between triangle
singularity and Breit-Wigner models.
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B0 → ηcK+π− Amplitude Analysis EPJC 78 (2018) 12, 1019 (superseded)

Previous LHCb amplitude analysis of B0 → ηcK+π− with LHCb Run 1 + 2016
data (4.7 fb−1) found a 3.2σ evidence for Tcc̄(4100)

−:

M = 4096± 20+18
−22 MeV, Γ = 152± 58+60

−35 MeV.

Cannot distinguish between JP = 0+ or 1−.
Theory interpretation includes diquark-antidiquark and hadrocharmonium.
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B0 → ηcK+π− Amplitude Analysis arXiv:2509.03133

New result supersedes previous results: No evidence of exotic candidates in
B0 → ηcK+π− decays with Run 1 + 2 LHCb dataset.
Tcc̄(4100)

− component with JP = 1− has 3.6σ significance.
Background parametrization systematic reduces this to 2.5σ.
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Summary and Future Prospects
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Summary and Future Prospects LHCB-FIGURE-2025-015, JINST 19 (2024) 05, P05065

LHCb has a rich physics program of hadron spectroscopy:
▶ Studies of conventional hadrons from b decays (excited Σc, Ds) or decays of

excited b hadrons (Bc(1P)+ → B+
c γ).

▶ Studies of exotic Tcc̄ hadrons from b decays.
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Expect more to come with Upgraded Run 3 detector!
▶ Software triggers 2− 3× more efficient on hadronic b decays.
▶ Ξ+

cc discovery with 2.5× more efficient triggers in Run 3.
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Summary and Future Prospects LHCB-FIGURE-2025-015, JINST 19 (2024) 05, P05065

LHCb has a rich physics program of hadron spectroscopy:
▶ Studies of conventional hadrons from b decays (excited Σc, Ds) or decays of

excited b hadrons (Bc(1P)+ → B+
c γ).

▶ Studies of exotic Tcc̄ hadrons from b decays.
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Expect more to come with Upgraded Run 3 detector!
▶ Software triggers 2− 3× more efficient on hadronic b decays.
▶ Ξ+

cc discovery with 2.5× more efficient triggers in Run 3.
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Backup
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Not Covered

Due to time constraints, I will not cover a few recent results.
▶ They are available in the backup.

Conventional:
▶ Study of Ξc(2923)+ and Ξc(2939)+ in B0 → Λ+

c Λ̄c
−K0

s .
Exotic:
▶ First observation of Λb → Λ+

c D−
s K+K−.

▶ First observation of χc(3872) → J/ψµ+µ−.
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B0 → Λ+
c Λ̄

−
c K0

s LHCb-PAPER-2025-072 in preparation

Isospin partner of B+ → Λ+
c Λ̄

−
c K+ seen by Belle (EPJC 78 (2018) 3, 252), BaBar

(PRD 77 (2008) 031101) and LHCb (PRD 108 (2023) 012020).
▶ BaBar and Belle reported Ξc(2930).
▶ PRL 124 (2020) 22, 222001: LHCb analaysis of Ξ′

c → Λ+
c K− found two peaks,

Ξc(2923) and Ξc(2939). Resolved Ξc(2930)?
With 210 B0 → Λ+

c Λ̄
−
c K0

s signal events: 3.9σ double peak vs no resonance
hypotheses, 1.7σ double peak vs single peak hypotheses.
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https://arxiv.org/abs/1712.03612
https://arxiv.org/abs/0710.5775
https://arxiv.org/abs/2211.00812
https://arxiv.org/abs/2003.13649


Λb → Λ+
c D−

s K+K− PRD 112 (2025) 5, 052013

Search for Pcc̄s near ΞcD(∗)
s thresholds in Λ+

c D−
s system.

▶ B− → J/ψΛp̄: Pcc̄s(4338), > 15σ, PRL 131, 031901 (2023).
▶ Ξ−

b → J/ψΛK−: Pcc̄s(4459), 3.1σ, Sci.Bull. 66 (2021) 1278-1287.
Measured relative branching fraction:

B(Λb → Λ+
c D−

s K+K−)

B(Λb → Λ+
c D−

s )
= 0.0141± 0.0019± 0.0012

No sensitivity to Pcc̄s in m(Λ+
c D−

s ). Potential improvement in Run 3.
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https://arxiv.org/abs/2507.10713
https://arxiv.org/abs/2507.10713
https://arxiv.org/abs/2012.10380


χc1(3872) → J/ψµ+µ− LHCb-PAPER-2025-043

Probe internal structure of χc1(3872).
▶ Photon pole dominates at low mµµ.
▶ ρ and ω contributes at high mµµ.

Study secondary vertex χc1(3872) (from b decays).
Measure branching fraction relative to χc1(3872) → J/ψπ+π−:

R =
B(χc1(3872) → J/ψµ+µ−)

B(χc1(3872) → J/ψπ+π−)
= (1.64± 0.32± 0.05)× 10−3.
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https://arxiv.org/pdf/2601.20790v1


Muonic Dalitz χc1(3872) → J/ψµ+µ−

Experimentally, background dominated by pions decay in-flight π+ → µ+νµ from
χc1(3872) → J/ψπ+π−.
▶ Suppressed by BDT, ψ(2S) → J/ψπ+π− peak disappears.
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Muonic Dalitz χc1(3872) → J/ψµ+µ−

Run 1 results shown below.
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