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The LHCb experiment at LHC is a multipurpose detector in the forward region with a special
focus on heavy–flavour physics. Designed as a single-arm forward spectrometer covering the
pseudorapidity range 2 < 𝜂 < 5, LHCb can provide vertexing, tracking information, particle
identification (PID) of charged particles and energy measurement. During LHC Run 1 (2010-
2012, centre-of-mass energy 7 and 8 TeV) and Run 2 (2015-2018, centre-of-mass energy 13 TeV),
the LHCb experiment recorded proton-proton collision data corresponding to 9 fb−1. This is one of
the largest collected samples of heavy-flavour decays with proper PID information, making LHCb
an ideal place to study charm spectroscopy. These proceedings present three recent charmed
hadron properties and spectroscopy studies at LHCb: observation of Cabibbo-suppressed two-
body hadronic decays and precision mass measurement of the Ω0

𝑐 baryon, observation of new 𝛺0
𝑐

states decaying to the 𝛯+
𝑐𝐾

− final state and the first determination of the spin-parities of the 𝛯𝑐

(3055)+(0) baryons.

42nd International Conference on High Energy Physics (ICHEP2024)
18-24 July 2024
Prague, Czech Republic

∗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). https://pos.sissa.it/

mailto:miroslav.saur@cern.ch
https://pos.sissa.it/


P
o
S
(
I
C
H
E
P
2
0
2
4
)
4
3
6

Charmed hadron properties and spectroscopy at LHCb Miroslav Saur

1. Precise measurements of 𝛺0
𝑐 baryon

The 𝛺0
𝑐 baryons is the least probed charmed baryon as it is not accessible on dedicated

charm factories such as BESIII. Search for singly Cabibbo-suppressed (CS) two-body 𝛺0
𝑐 decays

was performed at Belle [1], however without a clear observation. Using part of LHCb Run 2 data
collected in 2016-2018, corresponding to an integrated luminosity of 5.4 fb−1, the first observations
of two CS decays, 𝛺0

𝑐→ 𝛯−𝜋+1 and 𝛺0
𝑐→ 𝛺−𝐾+, has been achieved [2]. Invariant-mass fit to the

newly observed modes and corresponding normalisation channel 𝛺0
𝑐→ 𝛺−𝜋+ is shown in Fig 1.

The statistical significance of signal in both decay channel is more than 10𝜎. No two-body 𝛺0
𝑐 CS

decay were experimentally observed before.
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Figure 1: Invariant-mass distributions for (left)𝛺0
𝑐→ 𝛺−𝐾+, (middle)𝛺0

𝑐→ 𝛯−𝜋+, and (right)𝛺0
𝑐→ 𝛺−𝜋+

decays.

The branching fraction (BF) ratios of 𝛺0
𝑐→ 𝛯−𝜋+ and 𝛺0

𝑐→ 𝛺−𝐾+ relative to 𝛺0
𝑐→ 𝛺−𝐾+

are measured to be
B(𝛺0

𝑐 → 𝛯−𝜋+)
B(𝛺0

𝑐 → 𝛺−𝜋+)
= [15.81 ± 0.87 (stat) ± 0.44 (syst) ± 0.16 (ext)]%, (1)

B(𝛺0
𝑐 → 𝛺−𝐾+)

B(𝛺0
𝑐 → 𝛺−𝜋+)

= [6.08 ± 0.51 (stat) ± 0.40 (syst)]%. (2)

Measured BF ratio B(𝛯−𝜋+)/B(𝛺−𝜋+) is about 2𝜎 smaller than the Belle result [1], while the
BF ratioB(𝛺−𝐾+)/B(𝛺−𝜋+) is consistent with Belle result. Reported BF ratioB(𝛯−𝜋+)/B(𝛺−𝜋+)
is deviating of more than 5𝜎 with respect to the value of 10.38% estimated with both factorizable
and nonfactorizable contributions from the CA model [3], at the same time this BF ratio is about
4.6 times larger than predicted value of 3.45% calculated with only factorizable contribution from
light-front quark model [4, 5]. Additionally, assuming negligible the nonfactorizable contributions
and the relevant form factor similar to that of 𝛺0

𝑐 → 𝛺−𝜋+, the BF ratio B(𝛺−𝐾+)/B(𝛺−𝜋+) can
be simply predicted to be ( |𝑉𝑢𝑠 |2/|𝑉𝑢𝑑 |2) × 𝑅phsp ≈ 0.0467 ± 0.0003 [6], where |𝑉𝑢𝑠 | and |𝑉𝑢𝑑 | are
CKM matrix elements, and 𝑅phsp is the ratio of phase space factors. This prediction value is more
than 2𝜎 less than our result. These results indicate that the nonfactorizable contributions play an
essential role in both 𝛺0

𝑐 → 𝛯−𝜋+ and 𝛺0
𝑐 → 𝛺−𝐾+ decays.

The the most precise single measurement of 𝛺0
𝑐 mass is obtained using 𝛺0

𝑐 → 𝛺−𝜋+ decay.
The 𝛺0

𝑐 mass is measured to be

𝑚(𝛺0
𝑐) = 2695.28 ± 0.07 (stat) ± 0.27 (syst) ± 0.30 (ext) MeV/𝑐2, (3)

1The inclusion of charge-conjugated processes is implied in these proceedings.

2



P
o
S
(
I
C
H
E
P
2
0
2
4
)
4
3
6

Charmed hadron properties and spectroscopy at LHCb Miroslav Saur

where the first uncertainty is statistical, the second is common systematic and the third is systematic
from 𝛺−/Λ mass uncertainties. The precision is improved by four times than the world-average
value [6]. The mass difference with respect to the 𝛺− mass is also obtained to be

𝑚(𝛺0
𝑐) − 𝑚(𝛺−) = 1022.83 ± 0.07 (stat) ± 0.27 (syst) MeV/𝑐2. (4)

2. Observation of new 𝛺0
𝑐 states decaying to the 𝛯+

𝑐 𝐾
− final state

In 2017, the LHCb collaboration reported the observation of five new narrow 𝛺0
𝑐 excited states

decaying to the 𝛯+
𝑐𝐾

− final state [7]. Using full Run 1 and Run 2 data-set, previous analysis has
been updated benefiting not only from the larger data-set and higher centre-of-mass, 7 and 8 TeV
in Run 1 versus 13 TeV at Run 2 [8], but also from improved LHCb performance resulting into
five-times larger sample than the previous analysis. Data used in previous analysis are labelled as
data set 1 while newly added sample is data set 2.

Simultaneous extended maximum likelihood fit to data sets 1 and 2 with bin widths of 1 MeV is
performed to the 𝛯+

𝑐𝐾
− invariant-mass distributions to determine the masses and widths of 𝛺𝑐 (𝑋)0

states. The 𝛺𝑐 (𝑋)0 contributions are described by S-wave relativistic Breit–Wigner functions
convolved with a Gaussian resolution function whose width is determined from simulated signal
samples. The combinatorial background is parameterised by an empirical threshold function.
In addition, three feed-down components from partially reconstructed decays of the 𝛺𝑐 (3065)0,
𝛺𝑐 (3090)0, and 𝛺𝑐 (3119)0 resonances are included. These contributions are from 𝛺𝑐 (𝑋)0 →
𝛯 ′+
𝑐 (→ 𝛯+

𝑐 𝛾)𝐾− decays, where the photon is not reconstructed. Their shapes are determined from
simulated samples and are fixed, while their yields are free to vary in the fit. Results of the fit are
shown in Fig. 2 and summarised in Table 1.

Table 1: Fit results of the mass, width, and yield for each state, and for each data set. Uncertainties are
statistical only.

Resonance 𝑚 (MeV) Γ (MeV) Yield (data set 1) Yield (data set 2)
𝛺𝑐 (3000)0 3000.44 ± 0.07 3.83 ± 0.23 1225 ± 83 7533 ± 263
𝛺𝑐 (3050)0 3050.18 ± 0.04 0.67 ± 0.17 1139 ± 65 7379 ± 215
𝛺𝑐 (3065)0 3065.63 ± 0.06 3.79 ± 0.20 2180 ± 99 13046 ± 316
𝛺𝑐 (3090)0 3090.16 ± 0.11 8.48 ± 0.44 2234 ± 136 14434 ± 486
𝛺𝑐 (3119)0 3118.98 ± 0.12 0.60 ± 0.63 470 ± 66 3279 ± 234
𝛺𝑐 (3185)0 3185.1 ± 1.7 50 ± 7 1642 ± 367 10278 ± 1565
𝛺𝑐 (3327)0 3327.1 ± 1.2 20 ± 5 489 ± 173 3649 ± 723

In total, seven excited 𝛺0
𝑐 states are observed including two states observed for the first time:

the 𝛺𝑐 (3185)0 and 𝛺𝑐 (3327)0 states. Additionally, the 𝛺𝑐 (3119)0 state is seen even if not observed
in the exclusive analysis using the 𝛺−

𝑏
→ 𝛺𝑐 (𝑋)0(→ 𝛯+

𝑐𝐾
−)𝜋− decay [9]. The 𝛺𝑐 (3185)0 and

𝛺𝑐 (3327)0 states have masses close to the threshold of the 𝛯𝐷 and 𝛯𝐷∗ final states. Referring to
the lattice QCD result of Ref. [10], the 𝛺𝑐 (3185)0 mass is in the predicted range for P-wave states,
and the 𝛺𝑐 (3327)0 mass is in the range for many possible states.
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Figure 2: Invariant-mass distribution of the 𝛺𝑐 (𝑋)0 candidates in (a) data set 1 and (b) data set 2, with
the fit results overlaid. The previously observed excited 𝛺0

𝑐 states are shown in blue dashed lines. The
𝛺𝑐 (3185)0 state is shown in the brown area, and the 𝛺𝑐 (3327)0 state is shown in the red area. Three
feed-down components are shown as the yellow areas, while the green long-dashed line corresponds to the
combinatorial background.

3. First determination of the spin-parities of the 𝛯𝑐 (3055)+(0) baryons

Excitation of singly-heavy baryons can occur either between the two light quarks, the 𝜌 mode,
or between the heavy quark and the diquark, referred to as the 𝜆 mode. While many excited baryons
were observed in the last two decades, most of the states are not well established in terms of their
excitation nature, including the 𝛯𝑐 (3055)+(0) baryons. The spin-parity of the 𝛯𝑐 (3055)+(0) baryons
can be studied by exploiting the weak decays 𝛯0(−)

𝑏
→ 𝛯𝑐 (3055)+(0)𝜋−.

Using Run 2 data collected in 2016-2018, amplitude analyses of 𝛯0(−)
𝑏

→ 𝛯
∗∗+(0)
𝑐 𝜋− decays

have been performed, where the 𝛯
∗∗+(0)
𝑐 states refer to excited 𝛯𝑐 (3055)+(0) or 𝛯𝑐 (3080)+(0)

baryons and are reconstructed in the 𝐷+(0)𝛬 final states [11]. The spin-parity, masses and
widths of the 𝛯𝑐 (3055)+(0) baryons are determined, as well as the up-down asymmetries of the
𝛯

0(−)
𝑏

→ 𝛯𝑐 (3055)+(0)𝜋− transitions, which are defined as the relative difference between the decay
rates for the up and down helicity states of the 𝛯0(−)

𝑏
baryons. Projection of 𝛯𝑐 (3055)+ invariant-

mass fit, 𝛯+
𝑐 helicity angle and 𝛬 helicity and azimuthal angle is shown in Fig 3, while full results

of spin-parity determination are shown in Table 2. The spin-parity of the 𝛯𝑐 (3055)+(0) baryons
is determined to be 3/2+, with significance of more than 6.5𝜎 (3.5𝜎) against other hypotheses.
All the measured properties for both 𝛯𝑐 (3055)+(0) channels are summarised in Table 3. This is
the first measurement of the parity-violating parameter for the transition of the 𝛯0(−)

𝑏
baryon to a

𝛯
+(0)
𝑐 baryon and a pseudoscalar meson with the results showing the maximum parity violation

Additionally, the result supports the factorisation approximation in colour-allowed beauty-to-charm
baryon decays, which indicates the structure of the 𝛯𝑐 (3055)+(0) state.
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Table 2: Tested spin-parity hypotheses and the significance of favoring 𝐽𝑃
𝛯𝑐 (3055)+(0) = 3/2+ over each

hypothesis, 𝑛𝜎 . Up-down asymmetries 𝛼 in the 𝛯0(−)
𝑏

→ 𝛯𝑐 (3055)+(0)𝜋− decays are given with statistical
uncertainties only.

𝐽𝑃
𝛯𝑐 (3055)+(0) 𝑛𝜎 𝛼

1/2− 12.9 (6.5) −0.10 ± 0.17 (−0.63 ± 0.28)
1/2+ 11.0 (5.5) +0.31 ± 0.13 (+0.32 ± 0.20)
3/2− 7.3 (3.5) +0.18 ± 0.14 (+0.20 ± 0.23)
5/2− 6.5 (4.8) −0.12 ± 0.14 (−0.21 ± 0.23)
5/2+ 9.8 (4.8) +0.52 ± 0.14 (+0.30 ± 0.27)
7/2− 10.7 (6.2) +0.41 ± 0.16 (+0.19 ± 0.22)
7/2+ 10.9 (6.0) +0.12 ± 0.14 (−0.30 ± 0.25)
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Figure 3: Distributions of the (top left) 𝐷+𝛬 invariant-mass, (top right) 𝛯+
𝑐 helicity angle, (bottom left)

𝛬 helicity angle and (bottom right) azimuthal angle, for the 𝛯0
𝑏
→ 𝐷+𝛬𝜋− sample. The projections of the

amplitude fit under the spin-parity hypothesis 𝐽𝑃
𝛯𝑐 (3055)+ = 3/2+ are overlaid.
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