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The description of baryons within the constituent quark model is a very iamoproblem
in quantum chromodynamics. Since the baryon is a three-body system, itg theouch more
complicated compared to the two-body meson system. The quark-diquanemttubaryon is the
popular approximation widely used to describe the baryon propertied &g we apply this picture
for studying the ground states of baryons with one heavy quark. Isisaad that the heavy-quark—
light-diquark configuration dominates. This approximation cannot be rigtyaleduced since the
heavy quark influences the interaction of light quarks. We assume thaflilence on the diquark
dynamics is small. This assumption could be justified by the presumed univatsaé of the
diquark [1]. Otherwise the diquark properties would be very diffeneisuch hadronic systems as
baryons, tetraquarks, pentaquarks, etc.

We use the relativistic quark model (RQM) based on the quasipotentiaagipfor the calcu-
lations of heavy baryon masses in the quark-diquark picture (for detalf2$). The quasipoten-
tials of the interaction of two light quarks in a diquark and the heavy quarkactien with a light
diquark in a baryon were constructed following the similar procedure feomeand doubly heavy
baryons [3]. For the quark-quark interaction in a diquark we use taéoB Vyq = Vgq/2 arising
under the assumption about the octet structure ofjthendqqg interaction. An important role in
this construction is played by the Lorentz-structure of the confining infieracln our previous
analysis of mesons [3], we adopted that the effective interaction is the&tim usual one-gluon
exchange term with the mixture of long-range vector and scalar lineamaapfdotentials, where
the vector confining potential contains the Pauli term. We use the same tongeior the con-
struction of the quark-quark and quark-diquark interactions in thedmar\We also keep fixed all
parameters of the quark interaction potential and quark masses whictomeckfrom studying
meson spectra and decays.

At a first step, we calculate the masses and form factors of the light diquer it is well
known, the light quarks are highly relativistic, which makes ¥ie expansion inapplicable and
thus, a completely relativistic treatment is required. To achieve this goal oribieg light di-
guarks, we closely follow our recent consideration of the spectra dfigtsons [4] and adopt the
same procedure to make the relativistic quark potential local. The quadipbeguation is solved
numerically for the complete relativistic potential which depends on the diquads in a com-
plicated highly nonlinear way. The obtained ground state masses of sodlaixel vector light
diquarks are presented in Table 1. These masses are in good agraétineaiues found within
the Nambu—Jona-Lasinio (NJL) model [5], Bethe-Salpeter equation)(B8E different approxi-
mations for the kernel [6, 7] and lattice calculations [8]. We also calculatentteix element of
the quark current between diquark states using the obtained diquagkfwastions. As a result we
find the corresponding form factor which determines the diquark interautith the gluon field
and thus takes into account the internal diquark structure.

At a second step, we calculate the masses of heavy baryons as thedtatendf a heavy
quark and light diquark. For the potential of the heavy-quark—lightatiginteraction we use the
expansion irp/mg. Since the light diquark is not heavy enough for the applicability pfisly ex-
pansion, it should be treated fully relativistically. To achieve this goal anglgy the potential we
follow the same procedure, which was used for light quarks in a diqaaikreplace the diquark

energie€y(p) = /p?+ M3 by Eq = (M*—ng+M3)/(2M). This substitution makes the Fourier
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Quark Diquark Mass
content type our[2] [9] [6] [7] [8]
RQM NJL BSE BSE |Lattice
[u,d] S 710 705 737 820 694(22)
{u,d} A 909 875 949 1020 806(50)
S
A

[u, g 948 895 882 1100
{u,s} 1069 1050 1050 1300
{s,s} A 1203 1215 1130 1440

Table 1. Masses of light ground state diquarks (in MeV). S and A denstalar and axial vector diquarks
antisymmetridq, g'] and symmetridqg,q'} in flavour, respectively.

Baryon 1(J%) Theory Experiment
our[2] [9] [10] [11] [12] [13] PDG [14]
Ae O(") 2297 2265 2285 2290  2284.9(6)
S U3T) 2439 2440 2453 2452 2451.3(7)
s: 13") 2518 2495 2520 2518 2538 2515.9(2.4)
= 3" 2431 2468 2473 2466.3(1.4)
= 11" 2578 2580 2579 2580.8(2.1) 2599 2574.1(3.3)
= 13" 2654 2650 2680 2647.4(2.0)
Q031" 2698 2710 2678 2697.5(2.6)
Q; 03" 2768 2770 2768 2760.5(4.9) 2752
Ao 0(3") 5622 5585 5620 5672 5624(9)
5 1(3") 5805 5795 5820 5824.2(9.0) 5847
: 1(3") 5834 5805 5850 5840.0(8.8) 5871
5 34 s812 5810 5805.7(8.1) 5788
=, 14" 5937 5950 5950.9(8.5) 5936
= 13" 5963 5980 5966.1(8.3) 5959
Q, 0" 6065 6060 6068.7(11.1) 6040
;03" 6088 6090 6083.2(11.0) 6060

Table 2: Masses of the ground state heavy baryons (in MeV).

transform of the potential local. At leading orderimg the resulting potential for th&-wave
states is the same for scalar and axial vector diquarks. The masseyafidaiith spin 1/2 and
3/2, containing the axial vector diquark, are degenerate in this approxmgitioe the spin-spin
interaction arises only at first order pymg. The p/mg corrections break down this leading order
degeneracy of heavy baryon states. We calculate the masses of thd gtate heavy baryons with
the account of all corrections of ordp?/n% by solving numerically the corresponding quasipo-
tential equation. The obtained values of the baryon masses are givené?Zlia comparison with
some theoretical predictions [9, 10, 11, 12, 13] and experimental déjta [1

The heavy-quark symmetry (fing expansion) and th8UJ (3) flavour symmetry are applied in
Refs. [11, 15, 12] to evaluate the masses of baryons with a single heavly. cAt lowest order in
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U (3) breaking these masses obey the equal-spacing rule:

3
J MZQ + MQQ = ZMEED; J== Mz*Q + MQE) = ZMEE’ Q= b, C. (1)

1

T2 2’

The corrections to this rule, estimated on the basis of chiral perturbatioryttiighit meson loops)
combined with heavy-quark symmetry, are found to be small [11]. Thel-empaaing rule holds

also for the hyperfine mass splittings [11]:

05, + 0ng = 20=; O = Mgy —Mgo; 0z =Mz, —Mz; o, = Mg, —May.  (2)

The accuracy of the relation (2) is estimated [12] to be of order 1 Me\Qfer ¢ and 0.3 MeV

for Q = b. Our values of baryon masses satisfy rather well both the mass relatipasd%2).
This supplies a strong additional support to our model, since it means thaotthel incorporates
the important features of broke&dJ (3) flavour symmetry and heavy quark expansion of QCD in a
reasonable way.

It is important to emphasize that, in calculating the heavy baryon masses, ma dee any
free adjustable parameters. The light diquark in our approach is nstdawad as a point-like
object. Instead we use its wave functions to calculate diquark-gluon factors and, thus, take
into account the finite (and relatively large) size of the light diquark. Thiet lguarks in the
diquark and the light diquark in the heavy baryon are treated completetyigtiaally. We use
thev/c expansion only for heavyp(@ndc) quarks. The overall reasonable agreement of our model
predictions given in Table 2 with both available experimental data and thisre$significantly
distinct theoretical approaches gives further grounds for the hgaagk—light-diquark picture of
heavy baryons.

References
[1] M. Anselmino et al. Rev. Mod. Phys. 65 (1993) 1199; D. Ebert, H. Reinhardt, M. K. Volkdwrog.
Part. Nucl. Phys. 33 (1994) 1; R. L. JaffePhys. Rep. 409 (2005) 1; F. Wilczekhep- ph/ 0409168.
[2] D. Ebert, R. N. Faustov, V. O. Galkifhys. Rev. D 72 (2005) 034026.
[3] D. Ebert et al.Phys. Rev. D 66 (2002) 01400867 (2003) 01402757 (1998) 566370 (2004) 014018.
[4] D. Ebert, R. N. Faustov, V. O. Galkihod. Phys. Lett. A 20 (2005) 1887.
[5] D. Ebert, T. Feldmann, C. Kettner, H. Reinhatdt, J. Mod. Phys. A 13 (1998) 1091.
[6] C. J.Burden et alPhys. Rev. C 55 (1997) 2649.
[7] P. Maris,Few Body Syst. 32 (2002) 41.
[8] M. Hess et al.Phys. Rev. D 58 (1998) 111502.
[9] S. Capstick, N. IsguiPhys. Rev. D 34 (1986) 2809.
[10] R. Roncaglia, D. B. Lichtenberg, E. Predaziys. Rev. D 52 (1995) 1722.
[11] M. J. SavagePhys. Lett. B 359 (1995) 189.
[12] E. JenkinsPhys. Rev. D 54 (1996) 451555 (1997) R10.
[13] N. Mathur, R. Lewis, R.M. WoloshyrPhys. Rev. D 66 (2002) 014502.
[14] Particle Data Group, S. Eidelman et &hys. Lett. B 592 (2004) 1.
[15] J. L. RosnerPhys. Rev. D 52 (1995) 6461.

230/4



