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LHCb, Belle, BaBar, BESIIT
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Theoretical Approaches

» Lattice QCD

* QCD sum rules

* Nonrelativistic QM

* Hypercentral QM

* Regge phenomenology

+ Relativistic QM

» Chiral QM

* Harmonic oscillator QM
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Flavor Multiplets
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Harmonic Oscillator CQM
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p— and A-modes
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Mass Spectra

Fit to 41 heavy
baryon masses:
25 single charm,
15 single bottom,
1 double charm

my =my 291.53 + 0.60 MeV
m 461.24 + 0.73 MeV , o
mz 1606.80 + 1.01 MeV MGleum 'lkellhOOd
mp, ~ 4944.34 + 1.62 MeV estimation technique
Rms deviation
Q=c Q==0b 19 MeV
C 0.02712 4+ 0.00008 0.02377 +0.00014 GeV3
A 22.08+0.19 7.37+0.25 MeV . .
B 21.84 + 0.28 4.33+ 0.55 MeV g";'z:rz"zh?;gz‘gs‘)B'Jke"
E 30.47 + 0.40 35.68 + 0.61 MeV et
G 56.19 + 0.34 61.77 + 0.28 MeV




Mass (MeV)

3200

3000

2800

2600

2400

2200

Single charm baryons

1.(3185) —=
= 3164 (3/27)
3136 (5,2
(1,(3120) —= * a3 El,-'?“%
= 1,(3090) —= _
=.(3080 = 3082 (3,2
Ec%:mas% . = 3062(3/2°) flcgmﬁﬁ% - 3;149?1;2&
m 3038 (5/27) - 31]2951 f.rzi 11.(3050 48 (3/2-
011 (5,9 & 3016(1/2 |
i m 2983 (3/2°) m2904(3/2) 2065) * ! {1 3000) —
a ogRT i1 07y Se e -
A.(2040) & w2950 fﬁ_; W26 (1727 E.(2039) * i‘gg (?ﬁ_]
B 2900 (5/27) 2017 (1/2°) w2 (s 29234 ®og90 Ea,ﬁz%
® 2800 (3/27)
w - 2834(3/27) n 2%5{3?2-}
. aa — . 32
= — 3871 - Z(2815) —& - 2822 Vo
i ??%h‘i;_g EcEzmgg s U0 2_} T(2800) & g 51;.22 = — 2799 (3/27)
A(2765) —= (1/27) W 2777 (1/27) 2789 (1/27) 0.(2770) e
= 2733 (1/27)
0.(2605) —=
2648 (3727 (2645 - 2653 (1/27)
A.(2625) & 2616 (1/2°)
[ AR = (2578) = % 2086 (1/27)
Y2520 —& BW—2521 (3/2)
=, (2469 W 2474(1/2")
(2469) 4 ¥,(2455) —k W —2455 (1/2%)
Ao—a g 9987 (1/2%) Present work ™
Exp. data, PDG +
— p—
ﬁc e En — ﬂc




Equal Spacing Mass Rules
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More ESMR
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Single bottom baryons
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Mass (MeV)

Double and triple charm baryons
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Equal Spacing Mass Rules
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Ground-State Charm Baryons

State KR LQCD Present EXxp.

Ne 2286.5 2254(48)(31) 2281 2286.5(1)
P 2444.0 2474(41)(25) 2455 2453.5(1)
>7 2507.7 2551(43)(25) 2521 2518.1(2)
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Ground-State Bottom Baryons

State KR LQCD Present EXp.
AV 5619.4 5626(52)(29) 5615 5619.6(2)
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=ub 10162(12) 10143(30)(23) 10295
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Cpp 10273(27)(20) 10438

Q. 10308(27)(21) 10460

QINNA 14366( 9)(20) 14861
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Electromagnetic Couplings
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Radiative Decay Widths

Present QM MB LCQRSR RQM Belle
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B — By Present LCQSR BM VMD QM NRQM HBYPT RQM hCQM
4yt 2yt 2.1 2.65+1.60 0.826 3.567 3.94 1.15 1.20 1.32 0.85
4yt 25+, 0.0 0.404+0.22 0.004 0.187 0.004 <104 0.04 0.144+0.004 1x10"% 9x107°
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Bg — By Present ~ LCQSR BM VMD xQM NRQM HBxPT LCOSR: Ali
4yt 25t 0.1 0.464+0.28 0.054 0.137 0.25 0.08 0.05 Q ’ ev
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Strong Couplings (EEM)
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Strong couplings
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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

+ 25-, 1D-wave states
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