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Problems Q

Many missing states?
Unknown quantum number?
Branching fractions?

Medium modification Opportunity Q

Internal structure

®¢ 6 o6 o o

Narrow resonances
Heavy-quark symmetry
sotope shift

nsight to hyperon/exotics
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Isotope shift Heavy quark symmetry

ode

Brown-muck spin j

yode

p-wave excitation

g.s. g.s. A 3/2 HQS doublet
. A* i
Light baryon Heavy baryon ¢ 1/2-

Light quark [u ds| c b] Heavy quark HQS Singlet

How to identify A and p mode excitations? How to identify the HQS partner?
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NR quark model

o Diagonalizing Hamiltonian with GEM

H — K‘l‘ VSh()l‘t + VC

onf

Two-body interaction Jacobi coordinate

+ Yoshida et al. PRD92, 114029 (2015)
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NR quark model Comparison
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Two-body interaction Jacobi coordinate .
4 e There are many unobserved states. Too wide?

e We also need to clarify their structure and

quantum number.
+ Yoshida et al. PRD92, 114029 (2015)




Mass spectra

NR quark model

O© Diagonalizing Hamiltonian with GEM

H — K"‘ VShOI’t + VC

onf

Two-body interaction

Jacobi coordinate

+ Yoshida et al. PRD92, 114029 (2015)

GeV
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Comparison

. —Cal. -— Exp.

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

1t 3t st 1- 3 57 i1t 3t st 1- 37 5°i1t 3t 3%t 17 37 5°
2 2 2, 2 2 2 2 2, 2 2, 2 2 2, 2 2 L2 2 2,
C ( C

e There dre many unobserved states. Too wide?
e We also need to clarify their structure and
quantum number.
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One-pion emission
BQ — BQ +

¢ Baryon wave function
¢ Quark-pion coupling

+ Nagahiro et al. PRD95, 014023 (2017)



One-pion emission

¢ Baryon wave function
¢ Quark-pion coupling

+ Nagahiro et al. PRD95, 014023 (2017)

Decay pattern

Chiral quark model

0 HO wave function

V= Z%kr

i<j

- Analytic solution
- Realistic WF (GEM)

O Axial-vector type coupling

£7qu

- Oy T

Nonrelativistic reduction

bty ©F

0' .

q

W

2m

o (pi +py)
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4+ LHCb. PRL 131,171901 (2023)
4+ CMS. PRL 126, 252003 (2021)
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Charmed baryon
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Charmed baryon Bottom baryon
A (2595) A (2625) A, (5912) N, (5920)
JE=1/2" JE=3/2" JP=1/2" JE=3/2"
[ =2.6(6) MeV ['<0.97 MeV [ < 0.25 MeV [ <0.19 MeV
= (2790) = (2815) =, (6087) =, (6100)
JU=1/2" JE=3/2" JP = 1/2- JP = 3/2-
[ = 8.9(1.0) MeV 1 = 10.0(1.1) MeV [ = 2.43(51) MeV T = 0.94(30) MeV

Anti-symmetric flavor 3F

4+ LHCb. PRL 131,171901 (2023)
4+ CMS. PRL 126, 252003 (2021)



Orbital excitations: Status

Charmed baryon

A (2595) A (2625)
J'=1/27 JP =3/2-
['=2.6(6) MeV [I'<0.97 MeV
= (2790) = .(2815)
JU'=1/27 JP =3/2-

['=8.9(1.0) MeV 1 =10.0(1.1) MeV

e Narrow resonances
e Dominant decay: two-pion emission

8/20

Bottom baryon

Ab(5912) Ab(5920)
JE=1/2" JU =3/2"
I' < 0.25 MeV ['<0.19 MeV
=, (6087) =,(6100)
JP =1/2" JE=3/2"

['=243(51) MeV 1 =0.94(30) MeV

Anti-symmetric flavor 3F

4+ LHCb. PRL 131,171901 (2023)
4+ CMS. PRL 126, 252003 (2021)
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decay

-pion emission
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Decay amplitudes
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Sequential process

m(p1) m(p2)

Chiral quark model

+ Nagahiro et al. PRD95, 014023 (2017) + Kawakami et al. PRD97, 114024 (2018)
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Coupling constants
Sequential process Direct process
m(p1) m(p2) ngl)
¢ ¢ " 'W(PZ)

Chiral partner structure
Chiral quark model

+ Nagahiro et al. PRD95, 014023 (2017) + Kawakami et al. PRD97, 114024 (2018)
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A (3912) and A, (5920)

+ Nongnaphat. Arxiv: 240/.10063
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O Observation
+ Dominated by

non-resonance
(Tail + direct)
contributions.

+ Decay width
becomes tiny.

+ Asymmetry in Tz

invariant mass.
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A.(2765) T or .(2765) I(JF) = 2(7)

The information is still poor (1 star)
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Branching ratio
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Angular correlation

Note: finite width effect.
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Baryon AM ~ 500 MeV
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O Decay analysis
+ Giveinsight to the internal structure

+ Help determining their spin & parity

O Problems
+ Large width & mass gap of radial

excitations?

+ p mode excitations? exotic states? HQS

partner?

O Plans

+ More realistic WF, relativistic quark model

analysis, applications to other systems, etc.
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