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I.Motivation

» There are only four Q baryons Q2 07) = oG stats Ak

in the PDG.
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« Apart from the Q(1672) baryons, the /©
quantum numbers of the other three
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quark model, the level ordering should be
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* Phenomenologicalstudies shows that the the mlxmg of the three-
quark and five quarrk Fock space may drag the M (— ) lower than M

(E ) (An & Zou, PRC87(2013)065207, PRC89(2014)055209) ).



q)baryon — ¢space® fspin ®Xflavor®wcolor

antisymmetric

In @ harmonious
oscillator potential

E=(02n +1+3/2)w

\ / symmetric antisymmetric
|

symmetric

3+
=3 1s1sls 1s1s2s
= g_ 1s1slp

+

= = 1s1s2s
— 1_
=3 1s1slp

R

Energy increases.




E (MeV)

E (MeV)

3500

The latest lattice calculation of Q baryon spectrum

Bulava et al. (Hadron Spectrum Collaboration),

Phys. Rev. D 82, 014507 (2010)
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The physical interpretation of their results:

1. 2+1 flavor full-QCD calculation
2. Many interpolation fields involved in the calculation
3. There are many states extracted in each symmetry channel.
4. The nature of the these states cannot be identified reliably:
Which are the one-particle states?
Which are the two-particle states?

Which state corresponds to the physical resonance
observed in the experiments?



IT. The spectrum of Q baryons

LT T

(B) Full QCD (A) Quenched QCD: quark loops neglected

Quenched theory:

Quark model

|

Lattice QCD in the quenched
approximation

B & as/ro as(fm) Las(fm) L* xT  Neont
2.4 5 0.461(4) 0.222(2)(11) ~1.78 8 x 96 3000
2.8 5 0.288(2) 0.138(1)(7) ~1.66 12° x 144 1000




Interpolation field operator for Q2 baryons
Op = eabC(SZC’y“sb)sc

This operator has both the spin-1/2 and spin-3/2 components

Introducing the projection operators from the quantum field theory

v L 1 17 1 v 12
Pg/Q = oM — g’}’”"/ — @(ﬁ”}’“ﬁ + "y p)

Pl = g — Pl

1/2 3/2

We obtain the following operators with definite spin quantum number
Ofyy =D Py 0%

0?/2 = ZP{J}VQOE}?

Then we can calculate the two-point functions of these operators

G =y Tr(1 £ 1,){0,F 00, (0) = Y Zje™"



Effecitve mass plateaus m, (r,t)=In
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The fitted masses for the lowest-lying Q baryons

mass(lattice unit) |mass(MeV) |mass(PDGQG)
3T 0.375(1) 1650(75) 1672
3- 0.473(4) 2080(95) 2250
3 0.469(4) 2060(94) 2380
Lt 0.55(1) 2420(100) 2470

mass(lattice unit) | mass(MeV) |mass(PDG)
3T 0.231(4) 1640(69) 1672
o 0.333(5) 2360(100) 2250
5 0.33(4) 2340(99) 2380
L 0.37(3) 2620(111) 2470

(very preliminary)



ITI. The BS wave functions of Q baryons in the Coulomb gauge

 We use the spatially extended operators
by splitting the three quark fields into two
parts with spatial separations in the

Coulomb gauge o
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IV. Conclusion

We calculate the spectrum of the lowest-lying Q baryons
in the quenched approximation.

The level ordering is in qualitative agreement with the
expectation of the Quark Model.

We also calculate the BS wave functions of the lowest 3/2+
and 1/2+ states. There does exist a radial node in the
BS wave function of 1/2+ state, which implies that this

state is a radial excited state as expected by the Quark

model.

The masses of these states are compatible with those of the
experimental resonances. However, no solid conclusion
can be obtained at present.
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