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Abstract

Recent beauty baryon physics results from the CMS collaboration, obtained using the proton-proton
collision data collected at /s = 13 TeV, are discussed. Observation of the A) — J/1A¢ decay and
measurement of its branching fraction, relative to the A — 1)(2S)A decay, is reported. The excited
baryon states Ap,(5912)°, Ay, (5920)°, A, (6146)°, and A}, (6152)" are confirmed and their masses are
measured. Observation of a new excited beauty strange baryon, labeled as Z,,(6100)*~, is presented.
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Recent beauty baryon physics results from the CMS collaboration, obtained using the proton-proton collision data collected at /s = 13 TeV,
are discussed. Observation of the A) — J/1A¢ decay and measurement of its branching fraction, relative to the Af — (2S)A decay,
is reported. The excited baryon states Ay, (5912)%, Ay, (5920)°, A, (6146)°, and Ay, (6152)° are confirmed and their masses are measured.
Observation of a new excited beauty strange baryon, labeled as =, (6100)*, is presented.
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1. Introduction

The CMS experiment [1]] at the LHC is providing new important results in the Heavy Flavor physics sector. In this report,
recent results of the studies of beauty baryon spectroscopy are discussed. Charge-conjugate states are implied throughout the
text. The reconstruction of signal candidates is based on charmonium resonances (J/2) or 1)(2S)) reconstructed in the dimuon
decay modes and A hypherons reconstructed via displaced two-track vertices corresponding to the A — pm— decays.

2. Observation of the A} — J/1pA¢ decay

The mass spectrum of J/) and baryon presents an important and (relatively) experimentally-clean landscape to search for
pentaquark signals. The search for the A) — J/ipA¢ decay is performed using the 13 TeV pp collision data collected with
the CMS experiment in 2018. The signal candidates are reconstructed using the ¢ — KK~ process, and the decay A) —
¥(2S)A, followed by (2S) — J/pmtm~, is used as the normalization channel. Signal and normalization channels have the
same number of tracks in the final state, thus reducing systematic uncertainties. Standard requirements are applied on muon
and track reconstruction qualities, 2 probabilities of the vertex fits, and the secondary vertex displacement vector from the pp
collision vertex.

The observed J/iA¢ invariant mass distribution is shown in Fig. (left), where the signal is modelled with a double-
Gaussian function and the smooth background with a third-order polynomial function [2].

The number of signal A) — JA)AKTK™ events is 380 £ 32 and the background-subtracted M (KTK™) distribution is
shown in Fig[T] (right). It is fit with a sum of first order polynomial background function and Breit-Wigner convolved with the
resolution for ¢ signal, resulting in 286 + 29 signal ¢ candidates. The statistical significance of the observed signal is about
100 in the asymptotic approximation. The yield in the normalization channel A9 — 1(2S)A is 884 + 37.
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FIGURE 1. The J/iA¢ invariant mass distribution in data (left). Background-subtracted K*K™ invariant mass distribution (right) [2]).
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The branching fraction ratio, accounting for the difference in the reconstruction efficiencies, is measured to be [2]

B(A} — J/pAg)
B(Ap — $(25)A)

= 8.26 4 0.90 (stat) + 0.68 (syst) £ 0.11 (PDG)%,

where the last uncertainty is related to the known branching fractions of the decays 1(2S) — JyrT 7~ and ¢ — KTK™.

3. Study of excited A} states

The excited states of AY baryon are studied in their decays into A7 7 ~, where the ground state A? is reconstructed in 3
decay channels: AY — JApA (Jp — ptp), A — ¢(2S)A p(2S) — pTp™) and A) — ¥(2S)A ((2S) — Jfpmtn—,
JAp — pt ). Since the lifetime of the excited A% states is negligible, the two additional charged pions are selected from the
tracks forming the A{ production vertex. The selection criteria were optimized using Punzi figure of merit [3]).

A dedicated primary vertex (PV) refitting procedure was developed in order to improve the mass resolution. Instead of using
raw 4-momenta of pions or the 4-momenta from the A) 77~ vertex fit, a new approach is used: all the tracks forming the PV,
including the two tracks from the A?ﬂrﬂr‘ candidate, and the “virtual track” of Ag, are fit into a common vertex, to define the
refitted 4-momenta of A% and the two pions, which are then combined into the refitted Agﬂ+7r_ candidate. According to the
studies in simulation, this innovative procedure significantly (by up to 50%) improves the 7m0+, resolution.

The low-mass (between the kinematic threshold and 5.95 GeV) and high-mass (up to 6.4 GeV) regions of mpo
analyzed separately, as described below.

rtqp— are
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FIGURE 2. Observed m At distribution near threshold [6].

Figure |2 shows the reconstructed A%w*w* mass distribution near the mass threshold. Two prominent narrow peaks are
observed in the distribution, corresponding to the Ap,(5912)° and Ay, (5920)° decays into A7+ 7, reported previously by
LHCD [4] and CDF (only Ab(5920)0) [5] collaborations. The distribution is modelled with a sum of two signal functions
(double-Gaussian distributions with mean value floating and shape parameters fixed to simulation) and a threshold function for
the background description. The fit is used to measure the masses of the A},(5912)° and A},(5920)° states and to estimate the
significance of the observed signals: 5.7 and over 6o [6]. This corresponds to the first confirmation with > 5o significance of
both the Ay, (5912)° and A, (5920)° states.

The A7 7~ mass distribution up to 6.4 GeV is shown in Fig.[3] It presents a broad enhancement between 6.0 and 6.1 GeV
and a narrow peak at about 6.15 GeV. The latter one is consistent with being a superposition of Ay,(6146)° and Ay, (6152)°
signals reported previously by LHCb [7]. There is no such broad excess in the mass distribution of A and two pions of the
same sign [6]]. The distribution is modelled with a sum of three signal functions, representing the two narrow peaks at 6.15 GeV
and a wide enhancement, and a modified threshold function for the background description. The signal functions are the
Breit-Wigner functions (with natural widths fixed to those measured by LHCb for Ay, (6146)° and Ay, (6152)° [7]) convoluted
with the mass resolution. The fit results are shown in Fig.[3] The measured masses of the Ay,(6146)°, Ay,(6152)°, and the
wide enhancement are, respectively, 6146.5 + 1.9 MeV, 6152.7 £ 1.1 MeV, and 6073 £ 5MeV, where the uncertainties are
statistical-only [6]. The Breit—Wigner width of the broad state is 55 + 11 MeV. This broad state was later confirmed by the
LHCb collaboration [8]].
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This is the first confirmation of existence of the Ay, (6146)° and Ay, (6152)° states and a first evidence for a new resonant
structure decaying into A)7 7~ with mass around 6070 MeV and width of the order of 50 MeV.

Several sources of systematic uncertainties in the measured masses are considered. They include the choice of the signal
model, the background model, and the difference in the mass resolution between the data and simulation. The uncertainty
related to possible detector misalignment is considered to be negligible. For the Ay, (6146)° and Ay, (6146)° states, additional
uncertainties are evaluated by removing the wide excess region from the fit and by varying the natural widths of the states
within their uncertainties reported by LHCb [[7]. The total systematic uncertainty is estimated to be 9keV, 11keV, 0.77 MeV,
and 0.41 MeV for Ay, (5912)°, Ay, (5920)°, Ay, (6146)°, and Ay, (6152)°, respectively [6].

The resulting mass measurements are [6]]

M (A,(5912)%) = 5912.32 £ 0.12 (stat) & 0.01 (syst) & 0.17(AD) MeV,
M (A, (5920)°) = 5920.16 4 0.07 (stat) + 0.01 (syst) + 0.17(AD) MeV,
M (A, (6146)°) = 6146.5 4 1.9 (stat) & 0.8 (syst) = 0.2(A) MeV,
M (A (6152)%) = 6152.7 4 1.1 (stat) & 0.4 (syst) + 0.2(A) MeV,

where the last uncertainties are related to the uncertainty in the known value of Ag mass. In addition, a broad excess of events
is found, consistent with a Breit—Wigner resonance with mass of 6073 = 5 MeV and natural width of 55 4= 11 MeV, where the
uncertainties are statistical only [6].

4. Observation of a new =;,(6100)*~ baryon

On the contrary to the A{ 77~ system, the 2, T~ system has never been explored previously. However, by analogies with
A)7 7~ and the charm sector (excited =, states), there are possibly excited Z,, baryon states that can decay into =, w7,
In the study performed by the CMS experiment, the ground state = is reconstructed in 3 decay channels: = — JA)ZE~,
E, — JAWAK™, and E; — JAXK™, where the last channel is only partially reconstructed via J/AK™ system and the
soft photon from ZO — A~y decay is not reconstructed. The =~ hyperon is reconstructed through the =~ — A7~ decay, and,
as previously, two prompt pions are added to =, to form =, 77~ candidates. As in Ad7t 7~ analysis, the selection criteria
were optimized usmg Punzi figure of merit and the PV refitting procedure is used to improve the invariant mass resolution.
Since the HZ* — E, T~ decay is expected to proceed through the intermediate = "*0 resonance, a corresponding mass
requirement is applied on the selected Z, 7" candidates.

Simulation studies show that the =, 77~ mas resolution is slightly worse in the case of partially-reconstructed = —
JAEPK ™ channel, therefore the =, 7t~ mass distributions are obtained separately for this partially-reconstructed decay
mode and for the two fully-reconstructed channels (J/4=~ and J/iAK ™), as shown in Fig. E}

The prominent narrow peak, observed in both distributions near the threshold, is assumed to correspond to a new baryonic
state, called £, (6100)*~. The distributions are modelled with a sum of the signal function (relativistic Breit-Wigner convolved
with the mass resolution extracted from simulations) and a threshold function for the background description. The fit is
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FIGURE 4. Observed & 7wt~ mass distribution for the fully-reconstructed channels, J/4=~ and JApAK ™, (left), and the partially-

reconstructed J/l/)EOK’ channel (right) [9].

performed simultaneously on the fully- and partially-reconstructed candidates. The fitted mass of the newly observed state is
6100.3 + 0.2 MeV and the statistical significance of the excess exceeds 6o [9]]. The natural width of Z,,(6100)*~ is consistent
with zero, and the obtained upper limit on it is 1.9 MeV at 95% confidence level. The sources of the systematic uncertainties
are similar to those for the AD7w 7~ analysis, and the total systematic uncertainty in the =,(6100)*~ mass is 0.09 MeV.

The reported mass measurement is [9)]

m(Z,(6100)*7) = 6100.3 + 0.2 (stat) + 0.1 (syst) = 0.6 (S, ) MeV.

S. Summary

The decay A — J/AbA¢ is observed and its branching fraction is measured with respect to B(A) — 1(2S)A) using the
V/s = 13TeV pp collision data. The excited states of A) baryon are studied in their decays into AQ7w*7~, including a
confirmation of 4 previously reported states and an evidence for a new broad resonance. The new excited beauty-strange baryon
with a mass of about 6100 MeV and small (< 1.9 MeV) natural width is observed with a statistical significance exceeding 6o.

These results demonstrate the versatility of the CMS experiment, which was initially designed for high-pt physics, but
proves to be able to also provide the state-of-the-art results in the heavy flavor spectroscopy sector.

6. Acknowledgments

The author’s work was supported by the Ministry of Science and Higher Education, grant no. 14.W03.31.0026 (Russia). The
author would like to thank the HADRON 2021 conference organizers for the excellent program and opportunity to present
these important results.

—_

. S. Chatrchyan et al. (CMS Collaboration), The CMS experiment
at the CERN LHC, JINST 3 (2008) S08004, doi:10.1088/1748-
0221/3/08/S08004.

. AM. Sirunyan, et al. (CMS Collaboration), Observation
of the A) — JAipA¢ decay in proton-proton colli-
sions at /s = 13TeV, Phys.Lett.B 802 (2020) 135203,
doi:10.1016/j.physletb.2020.135203.

. G. Punzi, Sensitivity of searches for new signals and
its optimization, eConf C030908 (2003) MODTO002,
arXiv:physics/0308063|

. R. Aaij et al. (LHCb Collaboration), Observation of ex-
cited A? baryons, PhysRev.Lett. 109 (2012) 172003,
doi:10.1103/PhysRevLett.109.172003|

. T. Aaltonen et al. (CDF Collaboration), Evidence for a bottom
baryon resonance A" in CDF data, Phys. Rev. D. 88 (2013)
071101, |do1:10.1103/PhysRevD.88.071101,

. AM. Sirunyan, et al. (CMS Collaboration), Study of ex-
cited N states decaying to AynwT ™ in proton-proton col-
lisions at /s = I13TeV, Phys.Lett.B 803 (2020) 135345,
doi:10.1016/].physletb.2020.135345,

. R. Aaij et al. (LHCb Collaboration), Observation of new reso-
nances in Adwt ™ system, Phys.Rev.Lett. 123 (2019) 152001,
doi:10.1103/PhysRevLett.123.152001.

. R. Aaij et al. (LHCb Collaboration), Observation of a new
baryon state in the A2w 7™ mass spectrum, THEP 06 (2020)
136, doi:10.1007/JHEP06(2020)136.


https://doi.org/10.1088/1748-0221/3/08/S08004
https://doi.org/10.1088/1748-0221/3/08/S08004
https://dx.doi.org/10.1016/j.physletb.2020.135203
https://arxiv.org/abs/physics/0308063
https://dx.doi.org/10.1103/PhysRevLett.109.172003
https://dx.doi.org/10.1103/PhysRevD.88.071101
https://dx.doi.org/10.1016/j.physletb.2020.135345
https://dx.doi.org/10.1103/PhysRevLett.123.152001
https://doi.org/10.1007/JHEP06(2020)136

CMS RESULTS ON BEAUTY BARYON SPECTROSCOPY 5

9. AM. Sirunyan, et al. (CMS Collaboration), Observa- ing to Zg ntm~, Phys.Revlett. 126 (2021) 252003,
tion of a new excited beauty strange baryon decay- doi:10.1103/PhysRevLett.126.252003.

Rev. Mex. Fis. 22 (*7%) (7727) 277277


https://dx.doi.org/10.1103/PhysRevLett.126.252003

