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Introduction

@ Hadrons

@ Quark Model: mesons (qqg), baryons (qqq)
Exotics: tetraquarks (qqqq), pentaquarks (ggqqQ)

@ Computation of mass spectra and electromagnetic decays of
single bottom baryons

M. Gell-Mann, Phys. Lett. 8 (1964) 214
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@ The study of the mass spectra as well as the decay properties of
single bottom baryons is relevant in hadron physics

@ In order to produce such states higher energy and higher beam
luminosity are required

@ Only a few single bottom baryons have been discovered. Many of
them have to be discovered

@ Our work can guide experimentalists: giving the mass range and
identifying the more suitable channels where to look for new states
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Experiments at LHC

Compact Muon Solenoid

ATLAS

EXPERIMENT
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Ground state single bottom baryons
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Flavor wave functions
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Mass formula

The masses of the single bottom baryons are calculated as the
eigenvalues of the Hamiltonian

H= Hh.o. + aSSEZ\ot + aSLStot . Ltot
+al? + arC(SUF(3))

E%a

2?21 Mi+wpNp+wxny+as[Siot(Swot+1)]

+

aSL% [J(J+1 )~ Liot(Liot+1) = Stot (Siot+1 )]

_l’_

all(+1)]+ar § [p(p+3)+q(q+3)+pq] (10)

E. Santopinto, A. Giachino, J. Ferretti, H. Garcia-Tecocoatzi, M.A. Bedolla, R. Bijker, E.
Ortiz-Pacheco, EPJC 79(12), 1012 (2019)
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Predictions for the €24, excited states

e, - —+-Data
6500 3 — Full fit
6452 46460 = — Signals
6400 g Background
o317 foazs e kK|
6300 §6305 §6313 2
2
@
8
6200 B
51
£
6100 5 —rog
o 4 oo 2 $eos 2
L © Qur predictions
6000 _
vzt 12 32t 32 sz g M(ZIK) - M(ZD) [MeV]

Experimental Mass Experimental Width(MeV) Predicted Width(MeV)

6316 <42 1.14
6330 < 4.7 2.79
6340 <18 0.62
6350 <32 4.28

E. Santopinto, A. Giachino, J. Ferretti, H. Garcia-Tecocoatzi, M.A. Bedolla, R. Bijker, and E.
Ortiz-Pacheco, Eur. Phys. J. C (2019) 79:1012

LHCb Collaboration, PRL 124, 082002 (2020)

Ailier Rivero-Acosta (DCI-UniGe-INFN) February 26, 2024 9/25



Observation of the new Q. states
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Mass spectra of A,
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Mass spectra of =,
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Mass spectra of ¥,
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Mass spectra of =,
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Mass spectra of

7000
% =
- - -
6800
_— e @ == 2=
—
% -_—
S 000 | =
a — —
©
= 6400 +
— —
—_— —_—
62001 Three—quark model
=== This work pred
= E=== PDG data
6000 T T T T T T T
12+ 12- 32+ 32- 52+ 5127 72%
fP

H. Garcia-Tecocoatzi, A. Giachino, A. Ramirez-Morales, A. Rivero-Acosta, E. Santopinto, and C.
Vaquera, e-Print: 2307.00505 [hep-ph] (2023)

Ailier Rivero-Acosta (DCI-UniGe-INFN) February 26, 2024 15/25



Electromagnetic decay

Electromagnetic interaction Hamiltonian
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Electromagnetic decay

Partial decay widths of the electromagnetic transitions

2

1 2
For(A— A +~) = 21pt =
em(A = A7) = 2mp (2w)32JA+1JZ>O‘AJAz
Az

In the rest frame of the initial baryon: p=4rg- Ea “ k2
Energy of the final state: Ep = \/Mg? + K2

) _ MA2-M,2
The energy of the photon: k = =5mt=

Allier Rivero-Acosta (DCI-UniGe-INFN) February 26, 2024 17/25



Electromagnetic decay widths for A, resonances
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N =n,+nx, N,y =2K,00) + n), 1 orbital angular momentum

K,(») is the number of nodes (radial excitations)
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Electromagnetic decay widths for =, resonances
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Electromagnetic decay widths for ¥, resonances
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Electromagnetic decay widths for =';, resonances
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Electromagnetic decay widths for 2, resonances
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Importance of the electromagnetic decay

Electromagnetic decay widths are particularly valuable in cases where
the strong decays are suppressed
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We suggest the Q; — Qv decay mode as a channel for the
observation of the ;" state
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@ We calculated the mass spectra single bottom baryons up to the
D-wave states

@ We performed calculations for the electromagnetic decay widths
of single bottom baryons from P-wave states to ground states

@ Our predictions for the masses of single bottom baryons exhibit
good agreement with the available experimental data
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Thank you for your attention!
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