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Introduction

Hadrons

Quark Model: mesons (qq̄), baryons (qqq)
Exotics: tetraquarks (qqq̄q̄), pentaquarks (qqqqq̄)

Computation of mass spectra and electromagnetic decays of
single bottom baryons

M. Gell-Mann, Phys. Lett. 8 (1964) 214
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Motivation

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

Ailier Rivero-Acosta (DCI-UniGe-INFN) February 26, 2024 5 / 25



Ground state single bottom baryons
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Flavor wave functions

3̄-plet

|Ξ−b ,1/2,−1/2〉: = 1√
2

(|dsb〉−|sdb〉) (1)
|Ξ0

b,1/2,1/2〉: = 1√
2

(|usb〉−|sub〉) (2)
|Λ0

b,0,0〉: = 1√
2

(|udb〉−|dub〉) (3)

6-plet

|Ω−b ,0,0〉: = |ssb〉 (4)
|Ξ′−b ,1/2,−1/2〉: = 1√

2
(|dsb〉+|sdb〉) (5)

|Ξ′0b ,1/2,1/2〉: = 1√
2

(|usb〉+|sub〉) (6)
|Σ+

b ,1,1〉: = |uub〉 (7)
|Σ−b ,1,−1〉: = |ddb〉 (8)
|Σ0

b,1,0〉: = 1√
2

(|udb〉+|dub〉) (9)
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Mass formula

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

H = Hh.o. + aSS2
tot + aSLStot · Ltot

+aII2 + aFĈ2(SUF (3))

E3q =
∑3

i=1 mi +ωρnρ+ωλnλ+aS[Stot(Stot+1)]

+ aSL
1
2

[
J(J+1)−Ltot(Ltot+1)−Stot(Stot+1)

]
+ aI[I(I+1)]+aF

1
3 [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 Ωb excited states

Experimental Mass Experimental Width(MeV) Predicted Width(MeV)
6316 < 4.2 1.14
6330 < 4.7 2.79
6340 < 1.8 0.62
6350 < 3.2 4.28

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

LHCb Collaboration, PRL 124, 082002 (2020)
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Observation of the new Ωc states

Experimental Mass of the Ωc (3327)0 Experimental Width(MeV) Predicted Width(MeV)
3327.1± 1.2± 0.2 20 16.2

H. Garcia-Tecocoatzi, A. Giachino, J. Li, A. Ramirez-Morales, and E. Santopinto, PRD 107,
034031 (2023)

LHCb Collaboration, PRL 131, 131902 (2023)
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Mass spectra of Λb

H. Garcia-Tecocoatzi, A. Giachino, A. Ramirez-Morales, A. Rivero-Acosta, E. Santopinto, and C.

Vaquera, e-Print: 2307.00505 [hep-ph] (2023)
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Mass spectra of Ξb

H. Garcia-Tecocoatzi, A. Giachino, A. Ramirez-Morales, A. Rivero-Acosta, E. Santopinto, and C.

Vaquera, e-Print: 2307.00505 [hep-ph] (2023)
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Mass spectra of Σb

H. Garcia-Tecocoatzi, A. Giachino, A. Ramirez-Morales, A. Rivero-Acosta, E. Santopinto, and C.

Vaquera, e-Print: 2307.00505 [hep-ph] (2023)
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Mass spectra of Ξ′
b

H. Garcia-Tecocoatzi, A. Giachino, A. Ramirez-Morales, A. Rivero-Acosta, E. Santopinto, and C.

Vaquera, e-Print: 2307.00505 [hep-ph] (2023)
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Mass spectra of Ωb

H. Garcia-Tecocoatzi, A. Giachino, A. Ramirez-Morales, A. Rivero-Acosta, E. Santopinto, and C.

Vaquera, e-Print: 2307.00505 [hep-ph] (2023)
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Electromagnetic decay

Electromagnetic interaction Hamiltonian

Hem = 2
√
π

k0

3∑
j=1

µj

[
ksj,−e−ik·rj +

1
2

(pj,−e−ik·rj + e−ik·rj pj,−)

]
(11)

k0
2 =

(MA
2−MA′

2)
2

2(MA
2+MA′

2)+Q2

µj =
qj

2mj

Transition amplitude for a given helicity JAz

AJAz
= 〈JA′ , JAz − 1|Hem|JA, JAz 〉
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Electromagnetic decay

Partial decay widths of the electromagnetic transitions

Γem(A→ A′ + γ) = 2πρ
1

(2π)3
2

2JA + 1

∑
JAz>0

∣∣∣AJAz

∣∣∣2 , (12)

In the rest frame of the initial baryon: ρ = 4πEA′
MA

k2

Energy of the final state: EA′ =

√
MA′

2 + k2

The energy of the photon: k =
MA

2−MA′
2

2MA
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Electromagnetic decay widths for Λb resonances

N = nρ + nλ, nρ(λ) = 2kρ(λ) + lρ(λ), lρ(λ) orbital angular momentum
kρ(λ) is the number of nodes (radial excitations)

H. Garcia-Tecocoatzi, A. Giachino, A. Ramirez-Morales, A. Rivero-Acosta, E. Santopinto, and C.

Vaquera, e-Print: 2307.00505 [hep-ph] (2023)
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Electromagnetic decay widths for Ξb resonances

H. Garcia-Tecocoatzi, A. Giachino, A. Ramirez-Morales, A. Rivero-Acosta, E. Santopinto, and C.

Vaquera, e-Print: 2307.00505 [hep-ph] (2023)
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Electromagnetic decay widths for Σb resonances

H. Garcia-Tecocoatzi, A. Giachino, A. Ramirez-Morales, A. Rivero-Acosta, E. Santopinto, and C.

Vaquera, e-Print: 2307.00505 [hep-ph] (2023)
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Electromagnetic decay widths for Ξ′
b resonances

H. Garcia-Tecocoatzi, A. Giachino, A. Ramirez-Morales, A. Rivero-Acosta, E. Santopinto, and C.

Vaquera, e-Print: 2307.00505 [hep-ph] (2023)
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Electromagnetic decay widths for Ωb resonances

H. Garcia-Tecocoatzi, A. Giachino, A. Ramirez-Morales, A. Rivero-Acosta, E. Santopinto, and C.

Vaquera, e-Print: 2307.00505 [hep-ph] (2023)
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Importance of the electromagnetic decay

Electromagnetic decay widths are particularly valuable in cases where
the strong decays are suppressed

We suggest the Ω∗b → Ω−b γ decay mode as a channel for the
observation of the Ω∗−b state

H. Garcia-Tecocoatzi, A. Giachino, A. Ramirez-Morales, A. Rivero-Acosta, E. Santopinto, and C.

Vaquera, e-Print: 2307.00505 [hep-ph] (2023)
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Summary

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

H. Garcia-Tecocoatzi, A. Giachino, A. Ramirez-Morales, A. Rivero-Acosta, E. Santopinto, and C.

Vaquera, e-Print: 2307.00505 [hep-ph] (2023)
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Thank you for your attention!
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