
Roelof Bijker, ICN-UNAM 1

Heavy
 

Baryon
 

Spectroscopy
•

 
Introduction

•
 

Heavy
 

baryons
•

 
Nonrelativistic

 
CQM

•
 

Mass spectra
•

 
Radiative

 
and

 
strong

 
decay

 
widths

•
 

Summary
 

and
 

conclusions





LHCb, Belle, BaBar, BESIII



Theoretical
 

Approaches
•

 
Lattice

 
QCD

•
 

QCD sum
 

rules
•

 
Nonrelativistic

 
QM

•
 

Hypercentral
 

QM
•

 
Regge

 
phenomenology

•
 

Relativistic
 

QM
•

 
Chiral

 
QM

•
 

Harmonic
 

oscillator
 

QM



Roelof Bijker, ICN-UNAM 5



Flavor
 

Multiplets



Harmonic
 

Oscillator
 

CQM



ρ−
 

and λ-modes



Mass Spectra
Fit

 

to

 

41 heavy
baryon

 

masses: 
25 single charm,
15 single bottom, 
1 double

 

charm

Maximum

 

likelihood
estimation

 

technique

Rms

 

deviation
19 MeV

Ortiz-Pacheco & Bijker
Submitted

 

(2023)



Single charm
 

baryons



Equal
 

Spacing
 

Mass Rules

LHCb, PRL 124, 222001 (2020)



More ESMR



Single bottom
 

baryons



Double
 

and
 

triple charm
 

baryons



Equal
 

Spacing
 

Mass Rules



Double
 

and
 

triple bottom
 

baryons



Ground-State Charm
 

Baryons

KR: Karliner

 

& Rosner,  PRD 90, 094007 
LQCD: Brown et al., PRD 90, 094507



Ground-State Bottom
 

Baryons

KR: Karliner

 

& Rosner,  PRD 90, 094007 
LQCD: Brown et al, PRD 90, 094507



Roelof Bijker, ICN-UNAM 19Roelof Bijker, ICN-UNAM 19Roelof Bijker, ICN-UNAM 19



Electromagnetic
 

Couplings



Radiative
 

Decay
 

Widths

χQM: Wang et al, 
PRD 96. 116016 (2017)

MB: Gamermann

 

et al, 
PRD 83, 074018 (2011) 

LCQSR: Aliev

 

et al, 
EPJC 79, 437 (2019)

RQM: Ivanov et al, 
PRD 60, 094002 (1999)

Belle: Yelton

 

et al, 
PRD 102, 071103 (2020)



LCQSR: Aliev 
BM: Bernotas
VMD: Aliev
ChQM: K.-L. Wang
NRQM: Majethiya
HBChPT: G.-J. Wang
RQM: Ivanov
hCQM: Shah et al



Strong
 

Couplings
 

(EEM)



Emmanuel Ortiz-Pacheco
Ph.D. thesis, UNAM (2021)



Roelof Bijker, ICN-UNAM 25Roelof Bijker, ICN-UNAM 25



Credits
•

 
Santopinto, Giachino, Ferretti, García-

 Tecocoatzi, Bedolla, Bijker
 

& Ortiz-Pacheco, 
EPJC 79, 1012 (2019)

•
 

Emmanuel Ortiz-Pacheco, Ph.D. thesis, UNAM 
(2021)

•
 

Bijker, García-Tecocoatzi, Giachino, Ortiz-
 Pacheco & Santopinto, PRD 105, 074029 

(2022)
•

 
Ortiz-Pacheco & Bijker, submitted

 
(2023) 



Roelof Bijker, ICN-UNAM 27

Summary
 

and
 

Conclusions
•

 
Singly-, doubly

 
and

 
triply-heavy

 
charm

 
and

 bottom
 

baryons
•

 
Nonrelativistic

 
HOQM

•
 

Assignments
 

based
 

on
 

energy
 

systematics, 
radiative

 
and

 
strong

 
decay

 
widths

•
 

Good
 

overall
 

agreement
 

with
 

exp
 

data
•

 
Equal

 
spacing

 
mass

 
rules

•
 

Missing
 

1P-wave
 

states
•

 
2S-, 1D-wave

 
states

Roelof Bijker, ICN-UNAM 27



Roelof Bijker, ICN-UNAM 28Roelof Bijker, ICN-UNAM 28


	Heavy Baryon Spectroscopy
	Slide Number 2
	LHCb, Belle, BaBar, BESIII
	Theoretical Approaches
	Slide Number 5
	Flavor Multiplets
	Harmonic Oscillator CQM
	- and -modes
	Mass Spectra
	Single charm baryons
	Equal Spacing Mass Rules
	More ESMR
	Single bottom baryons
	Double and triple charm baryons
	Equal Spacing Mass Rules
	Double and triple bottom baryons
	Ground-State Charm Baryons
	Ground-State Bottom Baryons
	Slide Number 19
	Electromagnetic Couplings
	Radiative Decay Widths
	Slide Number 22
	Strong Couplings (EEM)
	Slide Number 24
	Slide Number 25
	Credits
	Summary and Conclusions
	Slide Number 28
	Slide Number 29



