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Introduction

2> CMS is providing significant contributions to beauty and quarkonium sectors,
mainly using final states containing muon pairs (trigger constraints).

> This is possible thanks to :

3> an excellent tracking and muon identification performances, combined to
3 aflexible trigger system essential to collect data @ increasing luminosity (& pile-up)
3 the possibility to delay the prompt reconstruction (data parking)
3 the large production cross-sections for heavy flavoured particles in pp collisions
[ LHC is a “factory” producing quarkonia and beauty hadrons (among them b-baryons)]

2 Selected CMS relevant results are able to
integrate and/or complement the LHCb results !

2> Pointers to all CMS Heavy Flavour results can be found here:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH

Outline: CMS results for Beauty Baryons to be discussed today

2> Study of the excited Ag baryons in the Ag T ™ spectrum in pp collisions @ 13 TeV [ PLB 803 (2020)
135345 |

> Observation of the /12 — |/ A ¢ decay in pp collisions @ 13 TeV [ PLB 802 (2020) 135203 ]
15t observation

3> Observation of the /12 - J/WETK" decay [ arXiv:2401.16303, accepted by EPIC ]
15t observation
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Outline: CMS results for Beauty Baryons to be discussed today

2> Study of the excited Ag baryons in the Ag T ™ spectrum in pp collisions @ 13 TeV [ PLB 803 (2020)

135345 |
> Observation of the /12 — |/ A ¢ decay in pp collisions @ 13 TeV [ PLB 802 (2020) 135203 ]
15t observation
3> Observation of the /12 - J/WETK" decay [ arXiv:2401.16303, accepted by EPIC ]
15t observation
2> Observation of the transition Z; = 1 (25)Z~ and studies of the excited baryon =;°
15t observation in pp collisions @ 13 TeV [ PRD 110 (2024) 012002 ]

2> This excited baryon was already discovered
by CMS @ 7 TeV: Observation of a New =, Baryon [ PRL 108 (2012) 252002 ]

2> Observation of a new excited beauty strange baryon decaying to £, @™ @™ [ PRL 126 (2021) 252003 ]

2> All results are based on the LHC Run-Il dataset collected by CMS in the years 2016-2018
( pp collisions @ /s = 13TeV; L;,; ~ 135 — 140fb~1). The 24 s based only on 2018 data (60 b~ 1).
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Other/older CMS results for Beauty Baryons not discussed here (Run-1 based)

> Measurement of the /12 lifetime in pp collisions @7 TeV
[ JHEP 07 (2013) 163 , using Ap — J /1 A decays]

» The /12 lifetime was later measured in pp collisions @8 TeV, using same decays and
with higher statistics [ Eur. Phys. J. C 78 (2018) 457 ]

CTpoo = 4429 £ 8.2 (stat) = 2.8 (syst) yum  well compatible with world average: 440.7 + 3.0 um

2> Measurement of the /12 polarization and angular parameters in /12 — J /Y A decays
from pp collisions @ 7 & 8 TeV [PRD 97 (2018) 072010 ]

P = 0.00 £ 0.06(stat) £ 0.06(syst) consistent with LHCb measurement (and theoretical predictions)

> Measurement of the A cross section and the A% to AY cross sections ratio with ]/ A decays
b b b
in pp collisions @7 TeV [ PLB 714 (2012) 136-157 ]

> Study of the BY — J /1 Ap decay in pp collisions @ 8 TeV [ JHEP 12 (2019) 100 ]
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Reconstruction challenges in

CMS /1

|for Baryons Physics - |

2> The major CMS contribution - so far - is in the field of baryon spectroscopy,
in particular the observation of excited states and of new transitions.

® For A} reconstruction, we cannot use the most copious A% — Afm~ - as LHCb does -
because no dedicated trigger can be built purely on hadronic tracks at an affordable rate.

However, we can use A) — J /1 A%and A9 — 1 (25) A° by exploting the dimuon triggers
and the good capability to cleanly reconstruct self-flavour tagging A°— pm~.

Baryons IPPP Workshop/ 10-9-2024 A. Pompili (UNIBA & INFN-Bari)



CMS

Reconstruction challenges in for Baryons Physics - |

2> The major CMS contribution - so far - is in the field of baryon spectroscopy,
in particular the observation of excited states and of new transitions.

® For A} reconstruction, we cannot use the most copious A% — Afm~ - as LHCb does -
because no dedicated trigger can be built purely on hadronic tracks at an affordable rate.

However, we can use A) — J /1 A%and A9 — 1 (25) A° by exploting the dimuon triggers
and the good capability to cleanly reconstruct self-flavour tagging A°— pm~.

2 Without having a A’in the final state, the decay Ag — J/Y pK~ is - instead - characterized
by very high backgrounds due to the lack of hadronic PID.
This makes pentaquarks’ search - in this “classic” channel - definitely complicated in CMS.

In general, typical hadronic transitions that are suitable to trigger on, and can be reconstructed
in an enough clean way, are those to a lighter cc meson through the emission of light hadrons
[, T, K2, ¢, A, ... in the final state]. Indeed, these signatures allow to fight the overwhelming
backgrounds associated to a tipically huge track multiplicity in the event.
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CMS /1

|for Baryons Physics - |

Reconstruction challenges in

2> The major CMS contribution - so far - is in the field of baryon spectroscopy,
in particular the observation of excited states and of new transitions.

® For A} reconstruction, we cannot use the most copious A% — Afm~ - as LHCb does -
because no dedicated trigger can be built purely on hadronic tracks at an affordable rate.

However, we can use A) — J /1 A%and A9 — 1 (25) A° by exploting the dimuon triggers
and the good capability to cleanly reconstruct self-flavour tagging A°— pm~.

2 Without having a A’in the final state, the decay Ag — J/Y pK~ is - instead - characterized
by very high backgrounds due to the lack of hadronic PID.
This makes pentaquarks’ search - in this “classic” channel - definitely complicated in CMS.

In general, typical hadronic transitions that are suitable to trigger on, and can be reconstructed
in an enough clean way, are those to a lighter c¢ meson through the emission of light hadrons
[, tr, K2, ¢, A, ... in the final state]. Indeed, these signatures allow to fight the overwhelming
backgrounds associated to a tipically huge track multiplicity in the event.

2 For £ baryons reconstruction, it is effectively possible to efficiently reconstruct
the decay chain £, > £~ — A" (see next slide).
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Reconstruction challenges in| | for Baryons Physics - II

>> CMS tracking system has good efficiency for low-p tracks,
both prompt and more or less displaced from the PV !

A good tracking performance for very displaced and soft tracks is crucial
to efficiently reconstruct baryons’ decay chains.

The displaced tracks are crucial for the reconstruction of

- theK?->n'tn™,
- the self-flavour tagging A°— pm~ decays

- the 2= - A°7m~ decays (these/n‘are very soft & displaced)
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1. Excited A} baryons in the A} m* = spectrum
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Introduction to A} excited states -

2> Studies of excited heavy baryon spectrum are important test of HQET.
There are many - not agreeing ! - predictions of excited A, & X, states

(masses spread in rather wide regions, most predictions don’t have uncertainties’ ranges)
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Introduction to A} excited states - existing observations

2> Studies of excited heavy baryon spectrum are important test of HQET.

There are many - not agreeing ! - predictions of excited Ay, & X, states ;E ', 7 ' ' 3
(masses spread in rather wide regions, most predictions don’t have uncertainties’ ranges) 25E  52.5+8.1 LHCb =
T20F | —f
A: ] ’
. . - 17.6 + 4.8
> 'y’z\@r;? [PRL 109 (2012) 172003] observed for the first time E ok | { Sl !
= | 19-o9 b
2 near-threshold excited states A‘,’,* - A‘,’,nﬂt— % SF L ] Bl e [¥ ,..u.T'- } E
S (1L J]. - - ] J
. 0 + - o 0 0 S ALRRRE L, i : !L ) A R S s . . .
using A > Ac7r™ decays: A,(5912)" & Ap(5920) T had é %00 5910 5920 5930 5940 5950
O M (AJT'T) (MeV/c2)

Only the latter was confirmed (3.55) by * [PRD88 (2013) 071101]
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Introduction to A} excited states - existing observations

2> Studies of excited heavy baryon spectrum are important test of HQET.
There are many - not agreeing ! - predictions of excited A, & X, states ;¢

(masses spread in rather wide regions, most predictions don’t have uncertainties’ ranges)

> [PRL 109 (2012) 172003] observed for the first time

2 near-threshold excited states A)* —» At~
using A) > Afm~ decays: A,(5912)° & A,(5920)°  _ -

Only the latter was confirmed (3.55) by * [PRD88 (2013) 071101]

2> More recently [PRL 123 (2019) 152001] using full Run-I+Il dataset
observed 2 new excited states decaying to Agn+n‘ final state = - -
] { A = AT~ (most copious)
using

10 ] /v ok decays: A, (6146)° & A, (6152)°
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s, |

A} reconstruction & analysis strategy in| %

2> In CMS we cannot use the most copious A9 — Atm~because (no dedicated trigger, high bkgs due to no hadronic PID)
b

Also, usage of A — J/Y pK~ is very difficult due to high backgrounds due to the lack of hadronic PID.
b p

3> However, we can use A(I)) - J/YP A (~85%) and A(I)) - P(285)A with ¥ (25) reconstructed via both ...

Y(25) = up
Py Py m " w@s) - /pnn
y J/pory! Y’
A A ‘
II‘ II‘
Ay / Ay /
p o P p o p
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s, |

A} reconstruction & analysis strategy in| %

2> In CMS we cannot use the most copious Ag — Afm~because (no dedicated trigger, high bkgs due to no hadronic PID)

Also, usage of Ag — J/YpK~ is very difficult due to high backgrounds due to the lack of hadronic PID.

> However, we canuse AY — J/1p A (~85%) and A) — P(2S)A with P(2S) reconstructed via both ...
{¢(25) - up

n‘ Py m " w@s) - /pnn
J/pory! y Y’

\

~
NN‘ _

=
—

la =)

=

=
(§
A 4 c,o
S

=

v
y
A

3» Additional two OS prompt tracks are selected from the tracks forming the PV
(specifically, the one with the smallest 3D pointing angle of the Ag candidate).

3 Combinations with SS prompt pions are used as a control channel
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CMS /!

A(l)7 reconstruction & analysis strategy in| =

2> In CMS we cannot use the most copious Ag — A m~because (no dedicated trigger, high bkgs due to no hadronic PID)

Also, usage of Ag — J/YpK~ is very difficult due to high backgrounds due to the lack of hadronic PID.

> However, we canuse AY — J/1p A (~85%) and A) — P(2S)A with P(2S) reconstructed via both ...
{¢(25) - up

n‘ Py m " w@s) - /pnn
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3» Additional two OS prompt tracks are selected from the tracks forming the PV
(specifically, the one with the smallest 3D pointing angle of the Ag candidate).

3 Combinations with SS prompt pions are used as a control channel

2> The analysis has been optimized differently
- at low masses, near threshold where BKGs are low
- at high masses where BKG is large
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Excited states in low-mass region

2> LOW-MASS REGION (near threshold)
2 double-G with shape fixed from MC

(mass & normalization free)

CMS up to 140 b (13 TeV)
2100 i ¢ Data e ¢
= | — Fit Threshold function (X — x¢)% ree
g 80—— — Signals A
@ [ geeteveees Bessesy | —— i
% ' stat. S|gn|f.; Comb. bkg. »fixed
S 60 54+570
© | ssssssss Y == ===
- \ b
< - \
O 40_— '

i Confirmation of A,(5912)°

First confirmation of A,(5920)°

> Mass measurements: M(A,(5912)%) = [5912.32 + 0.12(stat) + 0.01(syst) £+ 0.17(mpp (A))|MeV

M(A,(5920)°) = [5920.16 + 0.07(stat) + 0.01(syst) + 0.17 (mppe (A))|MeV

3 consistent with those by LHCb/PDG & with similar precision
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Excited states in high-mass region

2> HIGH-MASS REGION

()
=
"

up to 140 fb' (13 TeV)

140
¢+ Data

— Fit
— Signals

120

Candidates / 5 MeV

IIIIlllllllllllllllllllllll

2> Mass measurements:

53 %64
Myo [GeV]

Each of the 2 SIGs for the narrow structure : o~ 3.8MeV

7z

2 double-G (with mass resolution fixed from MC
within gaussian constraits)

single Breit-Wigner
free (I" fixed to LHCb ones within gaussian constraits)
%

BGK: (x — 350)3- poly(1) :threshold power function x polynomial

“~a fixed

First confirmation of A,(6146)° & A,(6152)°

(discovered by LHCb : Phys. Rev. Lett. 123 (2019) 152001)

M(A,(6146)%) = [6146.5 + 1.9(stat) + 0.8(syst) + 0.2(mpp(A))|MeV
M(Ap(6152)°) = [6152.7 + 1.1(stat) + 0.4(syst) + 0.2(mppg (A9))]MeV

... in agreement with LHCb values but not as precise as

Baryons IPPP Workshop/ 10-9-2024
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Excited states in high-mass region

2> HIGH-MASS REGION

()
=
"

up to 140 fb' (13 TeV)

140

%) N ¢+ Data
= 120 —Fit H
© - — Signals
g)_)‘ 100 :— .....
T 80f
O N
c L
© 60
(@) N

40

201

2> Mass measurements:

53 %64
Myo [GeV]

Each of the 2 SIGs for the narrow structure : o~ 3.8MeV

7z

2 double-G (with mass resolution fixed from MC
within gaussian constraits)

single Breit-Wigner
free (I" fixed to LHCb ones within gaussian constraits)
%

BGK: (x — Jgo)ﬁ- poly(1) :threshold power function x polynomial

“~a fixed

First confirmation of A,(6146)° & A,(6152)°

(discovered by LHCb : Phys. Rev. Lett. 123 (2019) 152001)

M(A,(6146)%) = [6146.5 + 1.9(stat) + 0.8(syst) + 0.2(mpp(A))|MeV
M(Ap(6152)°) = [6152.7 + 1.1(stat) + 0.4(syst) + 0.2(mppg (A9))]MeV

... in agreement with LHCb values but not as precise as

2> Data are consistent with a single peak @6150MeV :

* 1-peak hypothesis vs BKG-only has significance > 5.4 + 6.50 (changing fit range & model)

* 2-peaks vs 1-peak hypotheses (I' free) has very low significance (0.4c) : we are not sensitive to the splitting

because of the worse mass resolution
and much lower statistics w.r.t. LHCb.
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Broad structure in high-mass region - |

> CMS up to 140 fb™' (13 TeV)

> 140 . Data Firstly this “bump” is not present in the A?,n“Ln‘
E 1202— :giitgnals H mass spectrum with SS dipions :
% 100 . Comb. bkg. CMS up to 140 fb' (13 TeV)
_E; - > 140F —
% 80: = 120 ,,},,,‘ntf (S): [ “ ]l l
& 60f ° b e
S ™ 8" | “l “ll[ll][” ik
40F = wf ] || [l {l
20f S *°F gl [
ok - NI Tl}“—lﬁ%{‘ﬂm |
A 6.4 20 k-*{}-{‘"“,‘
mAOII+7t‘ [GeV] Oﬂ;&l}}ﬂ [P RS B
b 6.0 6.1 6.2 6.3 6.4
Myo [GeV]

2> Assuming a single broad resonance X, the fit - with M & I" free parameter - provides:

M(Xp) = [6073 + 5(stat)|MeV I'(X,) = [55 + 11(stat)]MeV .... with stat. signif. ~ 4o
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Broad structure in high-mass region - |

2 > 140 f—:MS up to 140 fo™' (13 TeV) Firstly this “bump” is not present in the A?,Tl'+1l'_
(o) = ¢ Data
E 120 —Fit H mass spectrum with SS dipions :
- - — Signals
ﬁ 100:_ """ Comb. bkg. . 10 CMS up to 140 fb™ (13 TeV)
S - o [ + 7
-3 S s i [
3 il
L T 80
3 S oof ¥ i “l
201 O L ,},H" lll“
0 ¥ IR T S NS S S 4or '{M{H},LL[‘*‘H.E‘}
6.2 6.3 6.4 R
M AR [GeV] Oé"ﬁﬁ?}‘: B Y R —

Myo [GeV]
2> Assuming a single broad resonance X, the fit - with M & I" free parameter - provides:

M(X,) = [6073 + 5(stat)|MeV I'(X,) = [55 + 11(stat)]MeV .... with stat. signif. ~ 4c

3> Various reflections have been thoroughly studied and excluded as the origin/nature of the bump.
However, it may be created by partially reconstructed decays of higher-mass states.

3> The amount of data is too low to try a proper interpretation of the broad structure as it could be
not necessarily a single state but - instead - a superposition or several nearby broad states.

Baryons IPPP Workshop/ 10-9-2024 A. Pompili (UNIBA & INFN-Bari)



Broad structure in high-mass region - Il

CMS up to 140 fb™ (13 TeV) CMS up to 140 fb'' (13 TeV)
. . < 600 12 6.00 =
>> By inspecting the scatter plots 3 25
— 5.95 »
N 02
0 + O + - ;r‘:u '8
Ale' VS. Abﬂ: T = ™ g
_ — N O
AN vs. A)mtm s 6
=22k ol
.... in the concerned region >80 :
[m(A(}),TT+1T_) < 6.11GeV | 575 G0 eo5 60 ° ‘ 575 G0’ 6.05 6.10
Moo [GeV] Moo [GeV]

2D Horizontal bands corresponding to ZIS*)i - A‘,’,ni can be appreciated
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Broad structure in high-mass region - Il

. 6.00 CMS up to 140 fb™ (13 TeV) 12 600CMS up to 140 fb'' (13 TeV) c
>> By inspecting the scatter plots 3 | : 25
= 5.95] 0%
Ale' Vs. Ale' T E°<25.90: %
Admr~ vs. A mtm sash 6 ©
—_— =] i =
.. in the concerned region IR -
[m(A?,Tt-l'TL'_) < 6.11GeV | 575~ . i . 6.05 6.10
Myo.... [GeV] m... [GeV
2D Horizontal bands corresponding to ZIS*)i - A‘,’,ni can be appreciated
2> Comparison between 0S & SS distributions of m(A)r*n™) CMS up to 140 fb” (13 TeV)
+ *+ . . > 120F _
once the X;; & X,~ contributions are vetoed : 2 [ m*n™ Os ’
0 100F [Hnsns sS ’ | } H
2] L
L 80 l
g ulHl,ll i
D the “bump” is consistent with originating T 60| l l
from a resonance in the zl(’*)in+ system, S sk [ m“ l {
But no firm conclusion can be made with F LH_]‘H'ﬂ{{
the present data set 2oF }L}
Ohmﬁfl%fr“ e
6.2 6.3 6.4

m . [GeV]
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Broad structure @ LHCb

CMS /|

2> Few days after| — | paper has appeared on the arXiv, ...

confirmed the wide bump with similar parameters
[ JHEP 06 (2020) 136 ]

m=060723+29+0.6+02MeV.,I' =72+ 11 +2MeV

2 ... interpreting it as a further excited Ag state

-
-
%

{ A(6072)"

~~~~~~

600o0—m—mm—mmmr———7————7 77—
—~ [ ANt AV Afm LHCDH -
= == A" 7]
D > (61 46\ 0
2 - === A,(6146) -

== Ap(6152)" —
S 400 == elo) # :
} I (Z;:;:l) background t ¢ # +*§+ﬁ
% | ====  total background . " # gﬁmi *é‘_ al
= 200 total ”“‘.Mﬁ#%’ - .
= s Ll _
= L -
<
Q B Iy | \ .
3o0m—m™8m8Mm™ e ————r————7 71—+
o [ A AY— JpK- LHCb
= | = xtl‘,‘(u 0 -
| == A, (6146 a
g | — g:((}]-()?)() + |
S M
D | === comb. background H +$ =]
g | = {()Ifl} background ++ +++ +’+++++ — §‘+$+ i
5 1001~ w T .
= B - i
<
© [ i
5.95 6 6.05 6.1 6.15 6.2
A0 7 (GeV|

Intepretation non clear,
likely a radial excitation A?,(ZS).
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2. First observation of the decay /12 —>J/YAP
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Observation of the A} — J /3 A ¢ decay

2> An UML fit is applied to the invariant m(J /Y AKTK™):

M(K'K ) [GeV]
T I
A 'l:l#+ i
A TR
p / p
PV

2> Then sPlot technique is used to extract the
bkg-subtracted m(K K ™) distribution:

The /12 — |/ A @ yield is obtained by fitting
the bkg-subtracted m(K*K ™) distribution.

2> This observation opens a window on future complementary searches for resonances

Events /5 MeV

Yield / 2 MeV

200

100

80

CMS 60 o' (13 TeV)
- ¢ Data

C — Fit S =380 + 32
| -~ Signal

- Background

’*
!

STATISTICAL
SIGNIFICANCE > So

L I
Y
¥ Y L il | L

CMS

" 56 5.8

M(JWAK'K™ ) [GeV]

60 fb™' (13 TeV)

¢ Data
i — Fit

S =286+ 29

in the mass spectra once a sufficient number of signal events will be observed.

M(K'K™ ) [GeV]

Baryons IPPP Workshop/ 10-9-2024
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Branching fraction for A} — J /3 A ¢ decay

>> To measure the BF, A} —

(25)A used as normalization channel: (more copious, similar topology and kinematics)

— reduced systematics
J/yrtn
_ CMS 60 fo' (13 TeV)
CMS 601" (13TeV) | 1 Data
> - { Data 0 - —Fit ﬂ 0
) = - Fit Ap->J/P A )O|— --- Signal i Ap - P(2S)A
MICKT) [GeVl - p o i ; Mo Background
yn— Ty @ 200f Signal i P _
u = L e Background y o
A 9 Af AL s
% - w ut
Ay Kt ¢ B A - T,
P >/ P 100 P . / p"
PV i PV
- A—r © Mw(28)A) [GeV]
M(JWAK'K ) [GeV]
. _ . _- Yields ... corrected by total efficiency (evaluated on MC)
2 Branching fraction ratio measurement : o
" e
.
_BAp—J/YAP)

NAY S J/PA ¢) g(A] - P (25)A) \73(1/;(25) - ]/qm s )
N(AQ 5> P2S)A) (A > J/PpAP)

"~ B(AY - P(25)A)

-

= [8.26 + 0.90(stat) + 0.68(syst) + 0.11(B)|%

Baryons IPPP Workshop/ 10-9-2024
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3. First observation of the decay 4} - J/Y 2~ K*

Baryons IPPP Workshop/ 10-9-2024 A. Pompili (UNIBA & INFN-Bari)



Study of the decay AY — J/Pp E"K*

2> First observation of the A?, — J/YP ETK™ transition through the decay chain :

A l—>A1l'_
i T

STATISTICAL l
SIGNIFICANCE ~ 5.80

e signal: t-Student ( y, o free; n fixed from MC)
e background: Exponential

Candidates / 16 MeV

|

’/
’f
-

® Signal yields extracted by means of UML fits with models: ======""""

0

CMS 140 fb™ (13 TeV)
40 é— A(l)) N ]/II} E_K+ + Data
0,y A} signal
o5 } ----- Background
20 |
15|
tof

SEN(A)) =46+ 11"
C L L L | ! ! L S

5.2 5.4 5.6

58 6
m (=K [GeV]

ICHEP 2024 / 20-7-2024 A. Pompili (UNIBA & INFN-Bari)
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Study of the decay AY — J/Pp E"K*

2> First observation of the A?, — J/YP ETK™ transition through the decay chain :

STATISTICAL +1 L ATT™ . Cms 140 b (13 TeV)
SIGNIFICANCE ~ 5.80 uru” | _ © 40F A0 Kt { Data
pTt e B el — Fit
— A | Al signal
30 b
]/l/)TT[ n 8 I T - B Background
(4] F
. . . 0 o F
Normalization channel : A} — Y(25)A e
(more copious, similar topology and kinematics) — reduced systematics © 40 i
, SfW(A))=46+11"
S Y T ST R
: . : e 5. . . .
2> Signal yields extracted by means of UML fits with models: ========C_ m (=K [GeV]
N _q
e signal: t-Student ( y, o free; n fixed from MC) . > 250 _FMS 14+0 ;bat:“ev)
e background: Exponential a0 | | — Fi
é P - A signal
g150 """ BaCkgI’OUnd
S100¢
50
> e "

U5 5m 56 565 57 575 58
m(y(2S)A) [GeV]
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Study of the decay AY — J/Pp E"K*

2> First observation of the A?, — J/YP ETK™ transition through the decay chain :

STATISTICAL

!

l_> AT~

>
+,,— ©
SIGNIFICANCE ~ 5.8 | _
o U u pT z
]/IPTT[ T é
Normalization channel : AY — (25)A S
©
(more copious, similar topology and kinematics) — reduced systematics ©
/,’
2> Signal yields extracted by means of UML fits with models: =======IZ::
e signal: t-Student ( y, o free; n fixed from MC) . >
e background: Exponential =
8
&
o]
G
o
>> Branching fraction ratio measurement (with slightly tighter selection):

By - J/PEKY)
— B(A) - p(2S)A)

CMS 140 fb™ (13 TeV)
35F — Fit
I A signal
o5 ----- Background
20 |
15
10 P
F 0\ _ ]
opv(ap) =61l T T
5.2 5.4 5.6 5.8 6
m(JyEK" [GeV]
CMS 140 fo'' (13 TeV)
250 F
[ { Data
200 f —Fr
Y 3 A, signal
150 I I Background
50 |
¢ I e
%.5 5565 56 565 57 575 5.8

m(y(2S)A) [GeV]
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Study of the decay AY — J/Pp E"K*

2> First observation of the A?, — J/YP ETK™ transition through the decay chain :

STATISTICAL 1 | AT . Cms 140 fb ' (13 TeV)
+,, — [ s
SIGNIFICANCE ~ 5.8 | _ 40F A0 L 1/wEKY } Data
g ‘u H pn E 3 _ b ]/1/} — Fit
_ A | A — Al signal
]/l/)TT[ n 8 22 T Bbackground
© Ot
Normalization channel :A?, - P(25)A 5 20|
© 15}
(more copious, similar topology and kinematics) — reduced systematics © 40 i
o) =61t 1T
| . _ , e %2 5.4 5.6 5.8 6
2 Signal yields extracted by means of UML fits with models: ========___ m (Jw=K*) [GeV]
~, -1
i e signal: t-Student ( y, o free; n fixed from MC) . >250 ?MS 14+0 ;bat:sTeV)
i e background: Exponential Ezoo; it
: é A I T A signal
= - Back
i ... corrected by total efficiency (evaluated on MC) §150 : ackground
[ 0 _,
e e e e e e e e e e e e armmmmees Soo Ay - P(285)A
. . . / S0 [
Branching fraction ratio measurement (with/slightly tighter selection): Mo Mg
H Y5 555 56 565 57 575 58
CBAY S J/PEKY) N - J/pEKY)  g(AY - p(28)A) m(y(2S)A) [GeV]
B(A) - p(2S)A)  N(A) > w(2S)A) €AY > J/PEKT)
ICHEP 2024 / 20-7-2024 A. Pompili (UNIBA & INFN-Bari) 13



Study of the decay AY — J/Pp E"K*

2> First observation of the A?, — J/YP ETK™ transition through the decay chain :

STATISTICAL 1 l ATT™ . Cwms 140 fo' (13 TeV)
SIGNIFICANCE ~ 5.8¢ urp” _ 2 40F A S j/pE Kt i Data
pTt © 35f — Fit
_ A | — Al signal
]/l/)TT[ n 8 22 ----- Bbackground
© Ot
Normalization channel : - P(25)A 5 20|
@ 154
(more copious, similar topology and kinematics) — reduced systematics © 10 P
LGRS S
M. _ e %2 5.4 5.6 58 6
2 Signal yields extracted by means of UML fits with models: ========___ m (Jw=K*) [GeV]
SO -1
i e signal: t-Student ( y, o free; n fixed from MC) . >250 CMS 1401t (13 TeV)
i . . s [ t Data
: e background: Exponential 200 it
: é A I T A signal
S 2 T— Background
i ... corrected by total efficiency (evaluated on MC) §150 | Acraronn
e e e e e ————————————————— _m——————— J §100 Aj - P(2S)A
1
] i ; .
. . . 1 50 I ,_i R
2> Branching fraction ratio measurement (with,’slightly tighter selection): NI . Y YO SR
%5 """ 55656 565 57 575 5.8
B JAEKD NS - S EKY) (A - p(zs)A) B@ES) - j/prtay, MVEINIG]
B(AY - P(25)A) N(AQ - P(25)A) &M S J/PEKY) BE~ - An7)
____________________ from PDG

= [3.38 + 1.02(stat) +£ 0.61(syst) + 0.03(B)]|% Large statistical uncertaities due to small signal yield
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Exploring two-body invariant masses

2> Hidden-charm exotic states reported by %{? inJ/Yp and J/Y A systems

(e.g. pentaquarks candidates in Ay, — J/Y p K~ and E) — J/YP AK™)

2 In principle this new decay represents the first 3-body decay allowing to access the J /1 E~ sub-system

>> Background-subtracted mass distributions (sPlot), to be used to search for intermediate
resonances, are compared with the phase-space model (from simulation):

Candidates / 160 MeV

N
o

—_
[6)]

—_
(&) o
T

o
T

|
()]

CMS 140 fo' (13 TeV) _ Cms 140 fb' (13 TeV)
- § Data = $ Data
r o 20
L 0 MC 2 o MC
L g 15 =
-— a
0 - S 10f ‘
©
G
* o °f T
0 =
L 1 " L L 1 L L L 1 " " L 1 " L L " 1 L " | S T T T (T T S
3.6 3.8 4 4.2 1.8 2 2.2 2.4 26

m (JwK*) [GeV] m(=K*) [GeV]

Candidates / 160 MeV

N
o

—_
(63}

o

—_
o
T

(6}

CMS 140 fb' (13 TeV)
4 Data
- 0 MC } l

D {
" \ J/Y E-
: a
- L L " l L L L 1 L L L l L L "

4.6 4.8 5 5.2

4.4

mJy=) [GeV]
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Exploring two-body invariant masses

2> Hidden-charm exotic states reported by %{? inJ/Yp and J/Y A systems

(e.g. pentaquarks candidates in Ay, — J/Y p K~ and E) — J/YP AK™)

2 In principle this new decay represents the first 3-body decay allowing to access the J /1 E~ sub-system

>> Background-subtracted mass distributions (sPlot), to be used to search for intermediate
resonances, are compared with the phase-space model (from simulation):

Candidates / 160 MeV

N
o

—_
[6)]

—_
o (&) o
T

|
()]

CMs

140 fb' (13 TeV)

§-+Data
- O MC

)

O

L | s L 1

3.6

3.8

4 ‘ 4.2 ‘
m (JyK*) [GeV]

Candidates / 160 MeV

CMS

140 fb (13 TeV)

$ Data

N
o

oMC

ary
(&)
T

—_
o
T

o (&)
T
L £l

.......

2.4 2.6
m(EK") [GeV]

Candidates / 160 MeV

CMS 140 fb' (13 TeV)
20;_+Data
15F 0 MC
|

m]

°f { J/Y E”

L a
ok

44 46 48 5 =

m(JyZ) [GeV]

These distributions do not show any relatively narrow peak and agree,
within uncertainties, with the predictions from the phase space simulation

3 The sensitivity of this analysis to potential pentaquark signals in the J /Y £ intermediate invariant
mass distributions is limited by the low signal yield for the time being.

2
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4. Observation of the decay =) — Y (25)E"

and studies of £}’ — Z7 mt

[x)

Note: Z;0 = £5(5945)°

Baryons IPPP Workshop/ 10-9-2024 A. Pompili (UNIBA & INFN-Bari)



Study of the decay =}, — Y (25)=~

®» E, baryon family: isospin doublets composed of bsq (g light) triplets [Ep, (g.5.), £}, £3] (according to

Jgs and J*)
2> First observation of the 5 — 1/)(25)... transition through the decay chain :
LOCAL STATISTICAL l AT[ 45 CMS 140" (13 TeV)
SIGNIFICANCE > 50 utue, ]/1/)n - 8 ,f i0m - o p(28)E-
for both ¥(2S) decays l > prc” © 35{2';”(28)3, .
g 30'----Background I-l ,u
® 25F
S ol
T 45F
S g
. . ) ) UL S Hm“ |“.|1_______” il | “
3> Signal yields extracted by means of UML fits with models: -------==="~ . ‘“.15.6'.”. .1.'}7.”7 Al 45'9+ i leflo
O My(28)T) [GeV]

e signal: sum of 2 Gaussians (with common mean)
e background: 1st order polynomial
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Study of the decay =}, — Y (25)=~

®» E, baryon family: isospin doublets composed of bsq (g light) triplets [Ep, (g.5.), £}, £3] (according to

Jas andJ")
2> First observation of the 5 — 1/)(25)... transition through the decay chain :
o e Lo
g + - %) w0k .ata 5T 5 265
for both ¥(2S) decays HoH ’]/¢n T l R — R S D)
p1t T %o Y29)z + o
8 30 F ... Background u u
g 25|
Normalization channel : £} — J /3 Z~ (more copious, same final state) e o
—reduced systematics © :Z H H ‘ H |
. . . et ¥ 5 '4'”,1 | l.l__,___” |Ill &Ill“
2> Signal yields extracted by means of UML fits with models:  ===z==227"" . ‘“.15‘.6'.”. .1.'}7.? BT Rk
. . . \\\\ . . . i =) GV
e signal: sum of 2 Gaussians (with common mean) Sy HvEs)= ) Gel]
e background: 1st order polynomial oy S 401" (13 Tev)
2 e 0 | &y >J/pE"
g ol ae
g 120 F
:g) 100
8 80 |
60 [
> .
0= ‘5.6. - ‘5.7‘ ] ‘5.8l ‘ ‘549 6.0‘ l
MUy E) [GeV]
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Study of the decay =}, — Y (25)=~

®» E, baryon family: isospin doublets composed of bsq (g light) triplets [Ep, (g.5.), £}, £3] (according to
Jgs and J¥)

2> First observation of the £ — P (2S5)Z" transition through the decay chain :

| —_ 1
/ An 45 CMS 140 o™ (13 TeV)I

>
Wt Yt | _ 2 ol Ep > P(28)E"
p]l' = BF s yeeE 4o
8 30 F ... Background u u
. g 25F
Normalization channel : Eb - ]/1[) =~ (more copious, same final state) e &
—reduced systematics © :Z \
. . . v e _am=T ¥ 5 HH%M | Hl.h‘_. \ |Ill | l“ my
2> Signal yields extracted by means of UML fits with models:  ==z=z=z227"" 0 ‘”.*5.6. . .1.'}7W TR AL
. . . S ' '  M(y(2S)T) [GeV
e signal: sum of 2 Gaussians (with common mean) . W)= 16l
e background: 1st order polynomial oy S 401" (13 Tev)
] | & o J/wE
8 120 |
T 100 F
§ 80 |
60 |
. . . 40
2> Branching fraction ratio measurement : 2

PP PRI BV RPN U U BRI S B
56 57 58 59 6.0

MUy =) [GeV]

_BE; ~p@E) _
B(:.I; —>]/1[)E_)
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Study of the decay =}, — Y (25)=~

®» E, baryon family: isospin doublets composed of bsq (g light) triplets [Ep, (g.5.), £}, £3] (according to
Jas and J*)

2> First observation of the 5 — I/J(ZS)... transition through the decay chain :

-1
l AT[ 5 CMS 1401b™ (13 TeV)I

>
urT, ]/¢n | _ 2 opLE £, - Y(2S)E”
p]l' g zz:~3;—>\y(28)3’ 4o
8 -~ Background u u
© 5F
Normalization channel : £, — J /1 £~ (more copious, same final state) g af
—reduced systematics © f \
I- . . _ , ¥ 12 IMH | Hh‘ ~|111 “ n
> :Slgnal yields extracted by means of UML fits with models:  ==zz=zz227""" . ‘“.15‘.6'.”. .1.'}7.? L NTLT T 16110
I . . . “a, ' T My(eS)E) [Gev
: e signal: sum of 2 Gaussians (with common mean) Sy HvEs)= ) Gel]
i e background: 1st order polynomial _ . cus ot (137ey
| = w o | = y/E
! ~ E—z on
I ... corrected by total efficiency (acceptance, trigger, reconstruction) evaluated on MC 8 ol B;ckgﬁf:)
L e e e e e e e e e e e e o 13 ok
r i
7 sk
. . . 1 40
2> Branching fraction ratio measurement: |} 20
I 0= ‘5.6. - ‘5.7‘ ] 15!8‘ ‘ .5.9 6.0‘ ‘
v MUy =) [GeV]

_BE, P YROET)  NE, o PRHET)  &E, ~J/PET)
- B(E; - J/wE)  N(E - J/WET) EEp - p(28)ET)
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Study of the decay =}, — Y (25)=~

®» E, baryon family: isospin doublets composed of bsq (g light) triplets [Ep, (g.5.), £}, £3] (according to
Jas and J*)

2> First observation of the 5 — I/J(ZS)... transition through the decay chain :

-1
l A 11. 5 CMS 1401b™ (13 TeV)I

>
ure, ]/l/HT | _ 2 ol %y > Y@=
p]l' g zz:~3;—>w(28)3’ 4o
g -~ Background I-l ,u
© 5F
Normalization channel : £ — J /1 E~ (more copious, same final state) -
—reduced systematics © :Z H H ‘ H ‘
[ : L JUUS R LRI/ SR
> ESlgnaI yields extracted by means of UML fits with models:  ==zz=zz227""" . ‘“.15‘.6'.”. .1.'}7.? T i 16110
| . : . s, O My(28)T) [GeV]
: e signal: sum of 2 Gaussians (with common mean) Sy
i e background: 1st order polynomial _ . cus ot (137ey
| = w o | = y/E
1 . . ~ E—z > o8
I ... corrected by total efficiency (acceptance, trigger, reconstruction) evaluated on MC g 1ot g,
D e e e e e e e e e e e e e 13 o)
r o
1 60 F
. . . 7 40
2> Branching fraction ratio measurement: 2
I 0= ‘5.6. - ‘5f7‘ ] ‘5!8‘ ‘ 1549 G.OI ‘
v My =) [GeV]

_BER, 2 Y2ET) NE - Y2SET)  e(E -2 J/YED) BU/P o pte)
- B(&, »J/wE)  N(E, o /pET) £E ~P(28)ET) BERS) - ptu)

= 0.8470%1(stat) + 0.10(syst) + 0.02(B)
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Studies of the excited baryon =;°

o
of
D

2 =30 is reconstructed in theiZ}

.
.
-

E}, is reconstructed in many decay channels: J /Y Z~, Y(2S)2~, J/PY A K™, ]/ 2°A K~ (partialliy reco’d)
0 Syt
_ _ Awx
L, wrum, J/Ynt = ")f;‘st

+

™ final state (m* : any prompt track from PV) with p; > 15GeV

. . . —~t
3 No signal present in same-sign mass spectrum =,
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Studies of the excited baryon = ;‘,O

2 F '-'b is reconstructed in the! E Tt final state (m® : any prompt track from PV) with p; > 15GeV

E}, is reconstructed in many decay channels: J /Y Z~, Y(2S)2~, J/PY A K™, ]/ 2°A K~ (partialliy reco’d)

_ _ 30 o A’
L, AN VAVR A a8
lost
D NO Slgnal present In Same Slgn maSS Spectrum A-lb Tl'+ CMS 140 fb' (13 TeV) CMS 140 b (13 TeV)
E) 35F t D.ata Zp = JyE E fg : t Il?ata Z, = y(2S)E
ﬂ 30F :glitgnal S 16| :Slltgnal
S- 25 --- Background % 14 --- Background
0 o 12F - ——
D M =MEZnY) - M(ER) — mf;EG =) better mass resolution ¢ 1 Ep I/ E W oof =p = RS
10F * 6 }
| | i m {EmA il
Simultaneous extended UML fit to the 4 AM spectra o bkttt ST T T i i A AN A AR RATIWR AR
0 0.01 0.02 0.03 0.04 0.05 0.06 0 0.01 0.02 0.03 0.04 0.05 0.06
AM [GeV] AM [GeV]
Signal £;° model : Rel. BW® Gaussian Resolution . ous wopLele ENS T
2 o i E;na B o JyAKT 2 of } i E;ta g, = 'K
=z f,o mass & natural width constrained to be equalin4 fits 5 | o g 5 e0F o H )
> 5 %
§ =f | Ep > J/WAK™ | §wl ~ i :
w b (T
20 | | bl \TTT{1 i } H
i U 104 E, > J/YIO K~
00 - 6.01 - 6.02 0.03 - 064 - 0I05 - 6.06 OOI - 6.01 - 6.02 063 - 064 - 0(55 - 066
AM [GeV] AM [GeV]
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Studies of the excited baryon =} - |

2 F ..,b is reconstructed in the! E T final state (7 : any prompt track from PV) with pr > 15GeV

E}, is reconstructed in many decay channels: J /Y Z~, Y(2S)2~, J/PY A K™, ]/ 2°A K~ (partialliy reco’d)

0 S’
H I’
L, pwhu, J/Yynt o 27 = AR
lost
. . . -t
D NO Slgnal present In Same'SIgn maSS Spectrum :ll;ni CMS 140 fb' (13 TeV) CMS 140 b (13 TeV)
% Zz [ E;na B % ?g [ E;na 5, - y(29)E
E 25 igle?t:]kaglround g 14 F igf:kaglround
0 o 12F — ——
D M =MEZnY) - M(ER) — mf;EG = better mass resolution 2 1 Ey 2 J/YE" woop Ep ~ Y(25)E
o Wy 1l
Simultaneous extended UML fit to the 4 AM spectra o betrtcth R L T it Y it SN LA AR AR
0 0.01 0.02 0.03 0.04 0.05 0.06 0 0.01 0.02 0.03 0.04 0.05 0.06
AM [GeV] AM [GeV]
Signal =} model : Rel. BW® Gaussian Resolution . Gms MOm'(3TY)  CMS 140 6" (13 Tev)
—_— — 80 F —_ 0—
° L i E;na % > JYAK 2t } i E;ta =, - JY oK
&}, mass & natural width constrained to be equal in4fits £ | Sl 5 of ~Sa H |
ggo_ } :;—)]/II}AK_ ‘540— ~ *\ H
4 & T ot | i mw R I ALt
VI LHH = 0 o —
m(E;°) = 5952.4 £ 0.1(stat + syst) £ 0.6(mz. ) MeV " A o 5y 2 J/YE K-
=0 +0.22 00 — 6.01 B 6.02 0.03 B 004 - 005 - 6.06 OOI B 6.01 B 6.02 0.03I - 004 - 005 - 6406
['(Z;°) = 0.871 5 (stat) £ 0.16(syst) MeV AM [GeV] AM [GeV]

Improved precision on E;;O mass & width w.r.t. CMS first measurement (5fb~1%,2011) [ PRL 108 (2012) 252002 ]
.. in agreement with results [ JHEP 05 (2016) 161, PRL 131 (2023) 171901 ]
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http://dx.doi.org/10.1103/PhysRevLett.108.252002
https://link.springer.com/article/10.1007/JHEP05(2016)161
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.171901

Studies of the excited baryon =30 - |

-
()

- cms
— PP, \s=7TeV
[ L=53fb"

° Opposite-sign data

:2), CMS;

| - already with 2011 data (7 TeV) - observed the E;;O baryon

-
N

Signal+background fit

candidates per 2 MeV

— 27 -------- Background

[PRL 108 (2012) 252002] via its strong decay to £ ™. j:
The ground state £, baryon was reconstructed via the decay s =0 PRL 108 (2012) 252002
chainZ, » J/YE,27 - A’r,A° > prr~. S

af

Al 1AV

3 It corresponds to the J© = 3 /2" companion of the E,,. i e — ST T

0 10 20 30 40 50

MI/YET) - MJ/YE) - M(rt) [MeV]
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Studies of the excited baryon = ;‘,O

-
()

- cms
— PP, \s=7TeV
[ L=53fb"

° Opposite-sign data

> [ 0
| - already with 2011 data (7 TeV) - observed the Z,"~ baryon

[PRL 108 (2012) 252002] via its strong decay to £ ™.

-
N

Signal+background fit

N
T

Background

o
L L

candidates per 2 MeV

The ground state Z; baryon was reconstructed via the decay J PRL 108 (2012) 252002
chainZ, = J/YE~,E" - A, A - pTIT . = o

4r
® It corresponds to the J¥ = 3/2" companion of the E Ep i T NUH T

59 0 50 Ul |
0 10 20 30 40 = 50
(in the triplet) MU/AWE T - MJAYE) - M(r) [MeV]

2> Inclusive ratio of the £};° and Z} production Xsections : (BLUE procedure used to combine the
results from the different £, decay modes)
o - EZ,°X)-B(&, - &yt
R_.0 = (PP ) - B(Ep Zp™") = 0.22 + 0.02(stat) + 0.02(syst) ...in agreement with the LHCb result
“b 0(pp = EpX) [ JHEP 05 (2016) 161 ]

This ratio represents the (H*O / £3)) relative production rate of £} baryons produced from =;°

=) fraction of £} baryons produced from =;° decays is ~1/4
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Studies of the excited baryon = ;‘,O

-
()

- cms
— PP, \s=7TeV
[ L=53fb"

° Opposite-sign data

> [ 0
| - already with 2011 data (7 TeV) - observed the Z,"~ baryon

[PRL 108 (2012) 252002] via its strong decay to £ ™.

-
N

Signal+background fit

N

Background

o
L L

candidates per 2 MeV

The ground state Z; baryon was reconstructed via the decay J RREHOS!Z0I2l)e2002
chainZ, = J/YE~,E" - A%z, A° - pTIT . :

4r
® It corresponds to the J¥ = 3/2+ companion of the ;. i el T mur[ [

0 10 20 30 40 50

MI/YET) - MJ/YE) - M(rt) [MeV]

2> Inclusive ratio of the £};° and Z} production Xsections : (BLUE procedure used to combine the
results from the different £, decay modes)
o - EZ,°X)-B(&, - &yt
R_.0 = (PP ) - B(Ep Zp™") = 0.22 + 0.02(stat) + 0.02(syst) ...in agreement with the LHCb result
“b 0(pp = EpX) [ JHEP 05 (2016) 161 ]

This ratio represents the (._,*0 / £3)) relative production rate of £} baryons produced from =;°

=) fraction of £} baryons produced from =;° decays is ~1/4

- "'*OX 1
2> From isospin considerations we derive that o(pp ) —
o(pp - E;X) 3

> Ifthe (£} / E}) relative production rate follows similar considerations we expect Rz~ =

O | =

m) ~1/3 of £, baryons produced from = decays _
/ p DANYONS P b y =) < 2/3 of £, expected promptly produced

2> Decays from higher-mass excited states are possible
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5. Observation of a new excited beauty strange baryon
decayingto E,m "
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Observation of the excited beauty baryon £;"(6100)"-

CMS /| . . o
2> Recently | observed the lightest orbitally excited beauty
strange baryon E,"(6100)” —» E,w' ™ P
(including the - dominant - intermediate resonance E}‘,O - Ep t). e 5
D= A o lin p
Decay chain from 2;7(6100)™ - E,w¥n™
3 The E, baryon is reconstructed via:
CMS 140 o' (13 TeV) CMS 140 o' (13 TeV)
% 140 { Data ! % 500 { =
2 120 | =b - J/PE 2 ‘00 Ep _>]/¢AK
P s0ob. — Signal @ 4 - 00—
§ ~---Comb. bkg. § 300 I} bl h‘b —>]/1[)Z K
5 5 % .
g g ﬂ‘l‘ﬂ*@*ﬂ;{n (partially reconstructed:
(@) O 200 i Data 0 0
y X"> A"y where the
100 / —f/'g;%L soft y is undetected)
: - Comb. bkg.
O-~%565 570 575 580 585 590 595 6.00 T R R R SRTe 5031353008
MJIE) [GeV] M(JhyAK) [GeV] (2021)
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Observation of the excited beauty baryon ;" (6100) - II

2> The invariant mass of the final state is build combining the fully reconstructed decays (left) with identical
mass resolutions and the partially reconstructed channel (right) with a 30% larger mass resolution.
The projections of the simultaneous extended UML fit (mass parameter is common due to Am definition):

CMS 140 fb' (13 TeV) CMS 140 fb' (13 TeV)
® v - I Data = - JusK-
= - b v ..
< 2 ) { Data N 20k — Fit (local stat. signif. ~6.2-6.7c)
E — Fit g E { Signal |
= 15 Signal = T | B Comb. bkg. mRk—Y
é Comb. bkg. % F ’ } m(&, ") = [6100.3
- | -
S ’ S +0.2(stat) + 0.1(sys)

Ll
} Il
AP o .tll. IHI t .I1 A .I.L_Lh
0 20 40 60 80 100 0 20 40 60 80 100
M(E; * ) - M(E;) - 2m°°¢ [MeV] M(E; * ) - M(E]) - 2mP°C [MeV] PRL 126 (2021) 252003

2> The natural width (signal model: ) is too small (consistent with 0) to be measured

with the present data sample and experimental resolution.

An Upper Limit T'(Z,"7) < 1.9MeV @95%CL is obtained (systematics included) through the scan of the
profiled likelihood.
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Observation of the excited beauty baryon ;°(6100)"- Il

2> The low yield does not allow a measurement of the quantum numbers.
However following analogies with the established =, baryon states ...

..the new £,°(6100) resonance is the analogue of Z.(2815) and its decay sequence are consistent
with lightest the orbitally excited =, baryon with JP = 3/2 [L=1 between b-quark and (ds)-diquark]

2 This excited baryon has been later confirmed by : [ PRL131(2023) 171901 ]

(LHCb also observes two new baryonic structures in the neutral final state Eg1t+1t‘)
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Conclusions & perspectives
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Conclusions & Perspectives - |

2> CMS has demonstrated to be very competitive also in beauty baryon rare decay chains;
We presented here some results among which:

- the first observation of the decay A) — J/{p Z-K*
- the first observation of the decay =, — P (2S5)z".
These are the two most recent results of a series of analyses dedicated to this sector!

2> The Run-3 data being collected will help to achieve very interesting new/updated results, in Heavy Flavour
Spectroscopy & Production, integrating and/or complementing LHCb (& ATLAS) results (mainly pp collisions)
and ALICE (HI collisions), in spite of , trigger constraints, particle identification limitations.
However, Run-2 data have not yet been fully explored as well.

2> Perspectives? Beyond continuing looking for further excited states there are at least two
different sectors - not yet explored in CMS - that deal with beauty baryons:

1. When full Run-1ll would be available ... it may be interesting to study flavour anomalies

also with baryonic channels !
Y > A - A4 — (pm)ee

D> E, - E > (A’ )t - (prm) 44

Further investigation is needed though (triggers, efficiencies...),
to understand experimental yields (may be still too low).
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Conclusions & Perspectives - Il

2. Search for doubly-beauty baryons (such as =), (bbu), =, (bbd) ) with full Run-IIl dataset.

Experimentally, their direct search appear highly challenging:

The reconstructed final states tend to involve multiple heavy flavoured (beauty or charm)
hadrons, so the yield for any exclusive decay mode will be suppressed to unobservable low
levels by the product of several branching fractions, each of which is typically 1073-1072.

Following Gershon & Poluetkov [ JHEP01(2019)019 ], since the decays of double beauty hadrons

are the only possible source of B;—r mesons that are displaced from the primary vertices of pp
collisions, a more promising inclusive search strategy can be considered not only by @@Q ,

CMS /| L

taking into account that | is rather competitive in the BCJ—r mesons physics:

/ c
Displaced B, mesons can be produced only when one of the b quarks )t; S
in a bbx hadron decays viaa b — ¢ transition and the produced b \

antiquark hadronizes with the remaining b quark:
(the transition b - ccs will be dominant (CKM!))

Experimentally the signature is a tail in the distribution of the
proper time or IP of the BCJ—r candidates (dedicated trigger is crucial) '\
PN
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Conclusions & Perspectives - Ili

3 As a mere exercise it is possible to roughly estimate the yields that could be expected
for displaced Bci mesons as signature of weakly decaying doubly-beauty hadrons.

The potential yields can be roughly estimated following the logic in Gershon’s paper.
as done in the out-of-the-box calculation (characterized by relevant theoretical and
experimental uncertainties and assumptions) adapted to the CMS experiment.

The naive estimation procedure and the involved assumptions are summarized here:

Numeric input LHCb CMS
Run2+3 Integrated Luminosity 30fb6~" 300fb~"
bbx hadron production cross section | ~QO(1nb) | ~O(1nb)
branching fraction for inclusive bbxr — B X ~ 10% ~ 10%
branching fraction: B — J/un~ ~ 2% ~ 2%
further branching fractions: J/u—pu*pu~ ~ 6% ~6%
overall detection efficiency ~ 10% ~ 0.5%

I

300 displaced

_|_
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LHCb should be favoured
by “only” a factor 2.
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Backup material




Backup: The CMS detector @LHC

2> General purpose detector with cylindrical symmetry and (almost) full coverage of the solid angle

Strengths (for the discussed analyses):

3> muon reconstruction and identification

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes
Overall diameter :15.0m

i e )
Oveclengen 28 m. e o o 5 3 large muons’ acceptance
Magnetic field  :3.8T
SUPERCONDUCTING SOLENOID
- Niobium titanium coil carrying ~18,000A

O » high-performance tracking & vertexing

Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

SILICON TRACKERS

. PRESHOWER
/< Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER

ce + Quarts s 2,000 Channels 0 L=3.0fb" (Vs = 13 TeV, 2018)
7] > 10 Trigger paths
‘ 8 .- CMS K
< 10°E Preliminary _—
i | * Jhp —
W € 10° "
TN o Y
CRYSTAL
FLECTROMAGNETIC u>_] 1 07 Y I low mass double muon + track
CALORIMETER (ECAL) double muon inclusive
~76,000 scintillating PbBWO, crystals
10° 4
HADRON CALORIMETER (HCAL) 1 05
Brass + Plastic scintillator ~7,000 channels
10*
3
10
1 1 1 1 I 11 I

1 10 10°
u*u invariant mass [GeV]
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