Strong decay widths and mass spectra of charmed baryons
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Abstract

The total decay widths of charmed baryons, including all the possible open-flavor
decay channels, are calculated by means of the 3P0 model. Our calculations
consider in the final states: the charmed baryon-(vector/pseudoscalar) meson
pairs and the (octet/decuplet) baryon-(pseudoscalar/vector) charmed meson pairs,
within a constituent quark model. Furthermore, we calculate the masses of the
charmed baryon ground states and their excitations up to the D-wave states. We
also calculate the charmed baryon masses in a constituent quark model, both in
the three-quark and in quark-diquark schemes, utilizing a Hamiltonian model
based on a harmonic oscillator potential plus a mass splitting term that encodes
the spin, spin-orbit, isospin, and flavor interactions. The parameters of the
Hamiltonian model are fitted to experimental data of charmed baryon masses and
decay widths. As the experimental uncertainties of the data affect the fitted model
parameters, we have thoroughly propagated these uncertainties into our predicted
charmed baryon masses and decay widths via a Monte Carlo bootstrap approach,
which is often absent in other theoretical studies on this subject. Our quantum
number assignments and predictions of mass and strong partial decay widths are
In reasonable agreement with the available data. Thus, our results show the ability
to guide future measurements in LHCb, Belle and Belle |l experiments.

Motivations and goals

v Belle(ll) and LHCb have recently observed heavy quark
baryon excited states

v Quantum number of excited baryons: widths and mass

patterns will give insight into their binding mechanism

v/ Give a model for exploring high charm baryon masses

and decay widths

v Error propagation with Monte Carlo sampling

v Globally the charmed baryons: Qc, 2c, Ac and =c.

Strategy

Model 1
Charmed baryon
modeled as three- pm_Ode
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Model 2
Charmed baryon
modeled as diquark (one
charm and one
composed object of two
lights quarks) system
bonded with one h. 0. A

The charmed baryon masses are the Eigenvalues of the Hamiltonian, which is a
sum of the h.o. plus spin S, orbital angular L, isospin | and flavor. S,L,l and flavor
are treated as perturbations, and their weights P’s are fitted to data:

H = Hy, + Pk SQ+PSZS'L+PII2+Pf Cz(SU(g)f)

Model 1, three- quark system:
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" For Model 1, we calculate the decay widths with the 3P0 model
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Model parameters are found with the least-squares minimization and
the error propagated by sampling gaussian distributions

Results

charm mesons

three-quark diquark

Gaussian fit

Parameter Value Value 095 - H=2464.2, 0=1.5 ’ al W= Sampling
me  [1606.1575752 MeV 1562.9473755 MeV Pva=0.191, =0.05
me 455.31135525 MeV t
Mua | 283.91730:03 Mev t g
mp, T 947.0573 52 MeV 5
mp. t 790.85117-22 VeV 5 015

MDy A t 612.98+19-25 MeV i;é
K. 0.0291 00008 GeV? 0.019570-005T GeV? 0.10 -
P, 23.07151° MeV  24.277307 MeV
P, 18.021237 MeV  16.92123% MeV 0.05 -
Pr 45151535 MeV  41.2275%, MeV
Py 52,4213 75 MeV  52.3415:58 MeV 0.00
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Results are shown for Qc, but similar plots and tables are available
at our arxiv: https://arxiv.org/abs/2205.07049v2
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Three-quark Quark-diquark
Qc(ssc) Predicted Predicted Experimental  Predicted Experimental
F = 6; 25+1L ;|Mass (MeV) Mass (MeV)  Mass (MeV) Tior (MeV) I' (MeV)
N=0
Ix=0,1,=0,kx=0,k,=0) 2S;,, | 270971) 270219 2695.0 + 1.7 (*)  0.0799 <1077
Ix=0,1,=0, kx=0,k,=0) *Ss/,o | 277879 277619 2765.9 +£2.0 (*)  0.0799 t
N=1
Ix=1,1,=0,kx=0,k,=0) *Py,5 | 3008%{3 300079  3000.4 +£0.22 (*) 41720 4.5+0.6+0.3 (¥)
Ix=1,1,=0,kx=0,k,=0) *Py/5 | 30507}: 3048717 3050.2 + 0.13 75157 0.84+0.2+0.1
Ix=1,1,=0,kx=0,k,=0) *Ps/5 | 3035%]3 3025710 3065.6 +0.28  26. 313_3 3.54+0440.2
Ix=1,1p=0,kx=0,k,=0) *P3sp | 3077%] 3073185 3090.2 + 0.5 6.6733 8.7+1.0+0.8
Ix=1,1,=0,kx=0,kp=0) *Ps/o | 31227}3 3115112 3119.1 + 1.0 (*) 50.01337% 60 &+ 26 (*)
Ix=0,lp=1,kx=0,k,=0) 2Py,p | 312973 t t 144758 +
Ix=0,l,=1,kx=0, ko= > 2P3/2 31561_%8 Tt T 716-_}_325 T
N =2
Ix=2,1p=0,kx=0,kp=0) *Dajp | 33151} 3306115 10.6753 f
N=2,1,=0,kx=0,k,=0) Dy | 336071  3348*!] 244712 T
Irx=2,1,=0,kx=0,kp,=0) *Die | 333073: 33287123 16.318-2 ;
Ix=2,1,=0,kx=0,k,=0) *Ds5 | 3357%35 3354717 30.4114:8 ;
Ix=2,1,=0,kx=0,k,=0) *Dg,, | 34027]3 33967115 62.3131-0 :
Ix=2,1p=0,kx=0,kp=0) “D7js | 346615 3455133 123.01614 i
x=0,1,=0,kx=1,k,=0) 28y, | 334217 3331712 1.310 i
Ix=0,1,=0,kx=1,k,=0) %S5/, | 34117}3 3404112 3.2+31% t
Ix=0,1,=0,kx=0,k,=1) 2S;,5 | 35857}: 18.3192 2
Ix=0,1,=0,kx=0,k,=1) *S3/,5 | 3654713 24.07320 t
Ix=1,1,=1,kx=0,k,=0) *Dg,o | 34371]] 198.0 0570 t
Ix=1,lp=1,kx=0,k,=0) *Ds/p | 348271¢ 114.9+56-6 2
Ix=1,l,=1,kx=0,k,=0) *Py,p | 34467}3 21118 t
Ix=1,l,=1,kx=0,k,=0) *P3; | 34737 3.1718 :
h=1,l,=1,kx=0,k,=0) 2S;,5 | 34647]3 1 88.27%43 % t
Ix=0,1,=2,kx=0,k,=0) 2Ds/5 | 3558712 t 217.11108:6 t
I\=0,1,=2,kx=0,k,=0) 2Ds,5 | 3603717 174.3185-1 2
r=0,1p=2,kx=0,k,=0) *Dy,o | 357373¢ 217.67 1305 t
Ix=0,1,=2,kx=0,k,=0) “Ds,5 | 3600153 284.8 71942 t
Ix=0,1,=2,kx=0,k,=0) *Ds/p | 364577; 212.01192.7 2
5=0,1,=2,kx=0,k,=0) *Dy/p | 370873 383.171055 t

Summary and conclusmns

We studied globally all charmed baryons up to D-wave a provided a description in
good agreement with data for both the proposed three-quark and diquark models.
We included all the possible strong decays. We considered experimental and
model uncertainties and propagated to our calculations. This work was supporte by
INFN, sezione di Genova, CONACyYT and National Research Foundation of Korea.

further details and references are given at https://arxiv.org/abs/2205.07049v2 )




