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CMS results on beauty baryon spectroscopy
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Recent beauty baryon physics results from the CMS collaboration, obtained using the proton-proton collision data callacted&TeV,

are discussed. Observation of thé — J/¢A¢ decay and measurement of its branching fraction, relative ta\fhe- «(2S)A decay,

is reported. The excited baryon states(5912)°, Ay, (5920)°, A, (6146)°, and A, (6152)° are confirmed and their masses are measured.
Observation of a new excited beauty strange baryon, labelggd @d00)*~, is presented.
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1. Introduction is used as the normalization channel. Signal and normal-
ization channels have the same number of tracks in the fi-

The CMS experiment [1] at the LHC is providing new impor- ng| state, thus reducing systematic uncertainties. Standard

tant results in the Heavy Flavor physics sector. In this reportyequirements are applied on muon and track reconstruction

recent results of the studies of beauty baryon spectroscopyyalities, 2 probabilities of the vertex fits, and the secondary

are discussed. Charge-conjugate states are implied througfiertex displacement vector from the pp collision vertex.

out the text. The reconstruction of signal candidates is based The observed] /1) A¢ invariant mass distribution is

on charmonium resonancel/ ¢ or /(2S)) reconstructed in - shown in Fig. 1a), where the signal is modelled with a double-

the dimuon decay modes ardhypherons reconstructed via Gaussian function and the smooth background with a third-

displaced two-track vertices corresponding to the» pr~ order polynomial function [4].

decays. The number of signal\) — J/YAKTK™ events is
380 + 32 and the background-subtractéd(K ™K ™) distri-

2. Observation of theAg — J/1A¢ decay bution is shown in Fig. 1b). It is fit with a sum of first or-

der polynomial background function and Breit-Wigner con-
The mass spectrum df/¢) and baryon presents an important volved with the resolution fop signal, resulting ir286 + 29
and (relatively) experimentally-clean landscape to search fosignal ¢ candidates. The statistical significance of the ob-
pentaquark signals [2,3]. The search for tife — J/1A¢  served signal is about)o in the asymptotic approximation.
decay is performed using the 13 TeV pp collision data col-The vyield in the normalization channdll — v(2S)A is
lected with the CMS experiment in 2018. The signal candi-884 + 37.

dates are reconstructed using the- KK~ process, and The branching fraction ratio, accounting for the differ-
the decay\) — v(29), followed by (2S) — J/yrtn—, ence in the reconstruction efficiencies, is measured to be [4]
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FIGURE 1. a) TheJ /¢ A¢ invariant mass distribution in data. b) Background-subtragféds ~ invariant mass distribution [4].
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140 MS up to 140 fb™ (13 TeV)
B(A) — J/Ae) i Data %
= 8.26 £ 0.90(stal 120 — Fit {
B(Ag — P(2S)A) (sta — Signals

Candidates / 5 MeV

G
100 - Comb. bkg.
+ 0.68(sysY + 0.11(PDG)%, -
80
where the last uncertainty is related to the known branch- C
ing fractions of the decay®(2S) — J/¢ntn~ and¢ — 60p
K+K_. 40:_
] 203—
3. Study of excitedA! states - = L
. o . 0.0 6.1 6.2 6.3 6.4
The excited states of) baryon are studied in their decays m [GeV]
. . 0_+_—
into A97T7~, where the ground stat&) is reconstructed Ape'm

in 3 decay channelsA) — J/YA(J/¢Y — ptp~), A) —
V(2A((29) — php~) andA) — P(2S)A((2S) —
J/¢bmT 7). Since the lifetime of the excitetl! states is neg-
ligible, the two additional charged pions are selected from th%ollaborations
tracks forming the\) production vertex. The selection crite- :

_ distribution between 5.95 and 6.4

Tt

FIGURE 3. ObservednAg
GeV [8].

The distribution is modelled with a sum
of two signal functions (double-Gaussian distributions with

ria vx\e(;e(;).pti?\ijzed_ using Puthi fil:g;;\jre offt;nerit [5]. d mean value floating and shape parameters fixed to simula-
edicated primary vertex (PV) refitting procedure Wast'on) and a threshold function for the background descrip-

developed in order to improve the mass resolution. Insteagon_ The fit is used to measure the masses of}{§912)°

of using raw 4-momenta of pions or the 4-momenta from theandAb(5920)0 states and to estimate the significance of the

0+ — - : :
]f\bﬁ 7 tr\]/er;e\>/< fit Ia dr?ewtﬁpﬁroa;:h 'i U?Ed' ta” thf rackSopserved signals: 5.7 and oves [8]. This corresponds
orn:jlggt € d,tlr?c‘l‘J .'?g | te VIZO 0;%0 S r?c.rtn. ?ﬁgﬂ T to the first confirmation with> 5¢ significance of both the
candidate, and the “virtual track’ of} , are fitinto a com- g0 i\ 599010 states,

mon vertex, to define the refitted 4-momentaAgfand the The A%z~ mass distribution up to 6.4 GeV is shown

two pions, which are then combined into the refitter 7= . _
candidate. According to the studies in simulation, this inno-"" Fig. 3. It presents a broad enhancement between 6.0 and

vative procedure significantly (by up to 50%) improves the6'1 GeV a’?dt atna.rtLO\k/)v peak at about'tf'i.if %i\é '(I)'heollatter
r - resolution. one is consistent with being a superpositiongf )Y an

The low-mass (between the kinematic threshold and\b(mm)O signals reported previously by LHCh [9). There is

5.95 GeV) and high-mass (up to 6.4 GeV) regions of110 such broad excess in the mass distributioA paind two

myo.+ are analyzed separately, as described below pions of the same sign [8]. The distribution is modelled with
/AbTr T ’ .

i . a sum of three signal functions, representing the two narrow
+ — - L
Figure 2 shows the reconstructet} ™z~ mass dis V\Peaks at 6.15 GeV and a wide enhancement, and a modi-

tribution near the mass thre_sh(_)ld._ Two prommen_t narroWiag threshold function for the background description. The
peaks are observed in the distribution, corresponding to thgi nal functions are the Breit—Wigner functions (with natural
Ap(5912)° and A,(5920)° decays intoA)m+ 7, reported 9 g

; 0 widths fixed to those measured by LHCb fbos(6146)° and
previously by LHCb [6] and CDF (oniy,(5920)%) [7] A3 (6152)° [9]) convoluted with the mass resolution. The fit

results are shown in Fig. 3.

N CMS up to 140 b (13 TeV) The measured masses of thg(6146)°, A,(6152)°, and
§100; ¢ Data the wide enhancement are, respectivélyi6.5 4+ 1.9 MeV,
N = Fi 6152.7+1.1 MeV, and6073+5 MeV, where the uncertainties
= B jgf;ilsbkg are statistical-only [8]. The Breit—Wigner width of the broad
2 I B state is55 & 11 MeV. This broad state was later confirmed by
= the LHCb collaboration [10].
& I This is the first confirmation of existence of the
© 4or Ay(6146)° and A,(6152)° states and a first evidence for a
L new resonant structure decaying iig= 7~ with mass
20 around 6070 MeV and width of the order of 50 MeV.
ok 1200 AR el IARARR IR f {, L Several sources of systematic uncertainties in the mea-
5.91 5.92 5.93 5.94 5.95 sured masses are considered. They include the choice of the
Mo [GeV] signal model, the background model, and the difference in the
mass resolution between the data and simulation. The uncer-

_ distribution near threshold [8]. tainty related to possible detector misalignment is considered

Tt

FIGURE 2. ObservednAg
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FIGURE 4. a) ObservedE; =+~ mass distribution for the fully-reconstructed channglgy=" and J/AK~, and b) the partially-
reconstructed /v ZO K~ channel [11].

to be negligible. For the\,(6146)° and A,(6146)° states, J/¢AK~ system and the soft photon frol’ — A~ de-
additional uncertainties are evaluated by removing the wideay is not reconstructed. TI®  hyperon is reconstructed
excess region from the fit and by varying the natural widthghrough theZ~ — Axn~ decay, and, as previously, two
of the states within their uncertainties reported by LHCb [9].prompt pions are added & to form Z)7 "=~ candidates.
The total systematic uncertainty is estimated to be 9 KeV, 11As in A)7 "7~ analysis, the selection criteria were optimized
KeV, 0.77 MeV, and 0.41 MeV fon,(5912)%, A,(5920)°,  using Punzi figure of merit and the PV refitting procedure

Ay (6146)°, andA,(6152)°, respectively [8]. is used to improve the invariant mass resolution. Since the
The resulting mass measurements are [8] 5" — g, nt7r~ decay is expected to proceed through the
intermediate=;" resonance, a corresponding mass require-
M (A,(5912)") = 5912.32 + 0.12(staf + 0.01(sysh ment is applied on the select&y 7+ candidates.
+0.17(A0) MeV, _ S_imul_ation studies_ show that tl‘@wﬂr_‘ mass resolu-
tion is slightly worse in the case of partially-reconstructed
M (Ay(5920)°) = 5920.16 £ 0.07(stah + 0.01(sysb 293/4 " K~ channel, however, th&)x"7~ mass peak

position is the same thanks to the usage of the mass dif-

0
+0.17(A;) MeV, ference variable, therefore tt7+7~ mass distributions

M (Ay(6146)°) = 6146.5 & 1.9(stap = 0.8(sysb are obtained separately for this partially-reconstructed decay
mode and for the two fully-reconstructed channdlsy(=—
+0.2(A7) MeV, andJ/«AK ™), as shown in Fig. 4.
M(Ab(6152)0) = 6152.7 + 1.1(sta1) + 04(SySD . The prominent narrow peak, observed in both distribu-
tions near the threshold, is assumed to correspond to a new
+0.2(A}) MeV, baryonic state, calle@,(6100)*~. The distributions are

modelled with a sum of the signal function (relativistic Breit—
where the last uncertainties are related to the uncertainty iWigner convolved with the mass resolution extracted from
the known value ofA mass. In addition, a broad excess sjmylations) and a threshold function for the background de-
of events is found, consistent with a Breit-Wigner resonanccription. The fit is performed simultaneously on the fully-
with mass 0fi073+5 MeV and natural width 05511 MeV,  and partially-reconstructed candidates. The fitted mass of the
where the uncertainties are statistical only [8]. newly observed state &100.3 + 0.2 MeV and the statistical
significance of the excess exce@&dg11]. The natural width
4. Observation of a new=,(6100)*~ baryon qf Eb(6lpq)*— is consistent with zero, and the obtained upper
limit on it is 1.9 MeV at 95% confidence level. The sources
On the contrary to tha)7+ 7~ system, th&, 7*=~ system  of the systematic uncertainties are similar to those for the
has never been explored previously. However, by analogied?= 7~ analysis, and the total systematic uncertainty in the
with AY7 7~ and the charm sector (excitéd states), there =,(6100)*~ mass is 0.09 MeV.
are possibly excited,” baryon states that can decay into  The reported mass measurement is [11]
=y, In the study performed by the CMS experiment,
the ground staté&, is reconstructed in 3 decay channels: m(Z,(6100)* ) = 6100.3 & 0.2(stah £ 0.1(sysb
=, — JWET, 5, — J/YAK—, andZ, — J/YX0K-, o
where the last channel is only partially reconstructed via +0.6(5,) MeV.
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5. Summary periment, which was initially designed for high- physics,
but proves to be able to also provide the state-of-the-art re-
The decay\p — J/¢A¢ is observed and its branching frac- sts in the heavy flavor spectroscopy sector.
tion is measured with respect (A — (2S)A) using
the /s = 13 TeV pp collision data. The excited states of
AY baryon are studied in their decays imt§z* =~ includ- ~ Acknowledgments
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(< 1.9 MeV) natural width is observed with a statistical sig- The author would like to thank the HADRON 2021 confer-
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These results demonstrate the versatility of the CMS expresent these important results.
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