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New hadrons discovered at LHC
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Heavy baryon with charm quarks

Wave function Ψ =
∑
ωψϕχ

Three particles of spin 1/2
1/2× 1/2× 1/2 = 1/2 + 1/2 + 3/2
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Heavy baryon with a single charm quark

Wave function Ψ =
∑
ωψϕχ

Three particles of spin 1/2
1/2× 1/2× 1/2 = 1/2 + 1/2 + 3/2
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Phenomenological model I

We describe the observed excited states of Ωc , Σc , Λc , Ξc , and Ξ′
c

at the same time, PRD107 034031 (2023)

We work within the quark-model framework

The masses of the charmed baryon states are calculated as the
eigenvalues of the Hamiltonian of Ref. [1], which is modeled as:

H = Hh.o. + Ps S
2 + Psl S · L+ PI I 2 + Pf C2(SU(3)f),

(1)

S,L, I and C2(SU(3)f) are the spin, orbital momentum, isospin and
Casimir operators, respectively.

[1] 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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Results for Ωc ,PRD107 034031 (2023)
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New Ωc states observed by LHCb, PRL131 131902(2023)

New state Ωc(3327) with mass=3327.1± 1.2 MeV and Γ = 20± 5 MeV

H. Garcia-Tecocoatzi, A. Giachino, J. Li, A. Ramirez-Morales, and E.
Santopinto, PRD107 034031 (2023)
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Results for Ξ′
c and Ξc , PRD107 034031
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Strong decay widths

We can use the decay properties to identify baryons

Open-flavor strong decays

Study of the decay channels

At the moment, there is no decay model from first principles, i.e., a
QCD decay model.

There are many models inspired by QCD, such as the flux tube, the
elementary emission model, effective Lagrangians, or 3P0, none of
them, of course, correspond to QCD!
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3P0 decay model

The qq̄ pair is created with the
vacuum quantum numbers:
0++

Due to parity conservation, the
pair is created in P-wave

The spin should be S = 1 to
couple to J = 0

It has only one coupling
constant
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Decay Widths

Decay widths are calculated using predicted masses and their
associated quantum numbers.

The 3P0 model is employed to calculate the strong-decay widths for
a charm baryon A decaying into a charm baryon B and a meson C ,
or a charm baryon A decaying into a light baryon B and a charm
meson C , denoted as A → BC :

Γ =
2πγ20

2JA + 1
ΦA→BC (q0)

∑
MJA

,MJB

|MMJA
,MJB |2 (2)

Error propagation was performed using the bootstrap method.
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Results, partial-decay widths PRD107 034031 (2023)
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IBM Spectroscopy for NUMEN

Nuclear spectroscopy using IBM

Nuclear spectroscopy and the NUMEN collaboration (theoretical
group)
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Double Beta Decay

Double Beta Decay with
Neutrinos

Experimentally observed
Transitions between ground
states
Effective values of gA

Double Beta Decay without
Neutrinos

Not observed experimentally
Its observation implies that
the neutrino is its own
antiparticle
Physics beyond the standard
model
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Double Beta Decay without Neutrinos

Half-life of Double Beta Decay without Neutrinos

τ−1
0ν (A → B) = G0ν |M0ν |2(mνe ) (3)

where |M0ν | is the nuclear matrix element between nuclear states.

Agostini, et al., Rev. Mod. Phys. 95, 025002 (2023)
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The NUMEN Project

Study candidates for neutrinoless double beta decay.

Charge-exchange reactions induced by heavy ions

NT (A,Z ) + NP(a, z) → NT (A,Z + 2) + NP(a, z − 2)

NT (A,Z ) + NP(a, z) → NT (A,Z − 2) + NP(a, z + 2) (4)

Use experimental information to constrain nuclear models.

F. Cappuzzello, ..., H.
Garcia-Tecocoatzi, et al., [NUMEN
Collaboration] Prog.Part.Nucl.Phys.
128 (2023) 103999

Hugo Garcia-Tecocoatzi Istituto Nazionale di Fisica Nucleare Sezione di Genova

Spectroscopy 17 / 25



Contents Motivation Model Results Decay widths IBM Spectroscopy Summary

Proton Transfer in the Reaction76Se (18O, 19F) 75As

Study the reaction 76Se (18O, 19F) 75As.

Use experimental information to constrain nuclear models.

The 76Se is described using IBM-2,
with 34 protons and 42 neutrons:
Nπ = 3 proton bosons
Nν = 4 neutron bosons (holes)
I. Ciraldo, H. Garcia-Tecocoatzi, et
al., NUMEN Collaboration,
submitted to PRC
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Reaction 76Se (18O, 19F) 75As

75As is described as 74Ge+p, 74Ge:
Nπ = 2 proton bosons
Nν = 4 neutron bosons (holes)
The IBFM-2 Hamiltonian is given by

H=HB+H F
ρ+V BF

ρ . (5)

Transition operators

A†(j)
m = ζja

†
jm +

∑
j′

ζjj′s
†[d̃ × a†j′ ]

(j)
m , (6)

B̃(j)
m = −θ∗j sa

†
jm −

∑
j′

θ∗jj′ [d̃ × a†j′ ]
(j)
m , (7)
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Odd-Odd Nuclei

The complexity of odd-odd nuclei.
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Odd-Odd Nuclei in IBFFM

IBFFM Hamiltonian

H = HB + HF
π + VBF

π + HF
ν + VBF

ν + VRES. (8)

where

VRES = 4π Vδ δ(rπ−rν) δ(rπ−R0) δ(rν−R0)

− 1√
3
Vσσ (σπ·σν)

+4π Vσσδ (σπ·σν)δ(rπ−rν) δ(rπ−R0) δ(rν−R0)

+VT

(
3 (σπ·rπν )(σν ·rπν )

r2πν
−(σπ·σν)

)
. (9)

New ODDODD code July 2023!!!!
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Conclusions

We calculated the mass spectra of the charmed baryons (ρ and λ
mode excitations up to the D-wave.

We calculated the strong-decay widths of ground- and
excited-charmed baryon into the charmed
baryon-(vector/pseudoscalar) meson pairs and the (octet/ decuplet)
baryon-(pseudoscalar/vector) charmed meson pairs.

The uncertainties are treated rigorously and propagated in full to the
parameters of the model using a Monte Carlo bootstrap method.

The identification of the states is a complex task

The 3P0 can describe the trend of the data with only one parameter.

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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Conclusions

We want to apply the formalism and operators to compute the
spectroscopic amplitudes in the IBFFM scheme, from even-even to
odd-odd nuclei, for transfer and charge reactions.

Consider intermediate states positive and negative parities (odd-odd
nuclei), in the double charge exchange reactions.

The main objective of our research is to compute the form factors
necessary for the Lenske-Colonna reaction code. These form factors
are crucial for accurately describing both single and double charge
exchange reactions.
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Thanks for listening!
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Predictions of Ωb excited states
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