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During last few years a significant experimental progress has béevad in studying heavy
baryons with one heavy quark. At present masses of all ground statbarmed baryons as well
as of their excitations are known experimentally with rather good precigjoriHf of the ground
state bottom baryon masses are also known now. Here we briefly reviestunlies of masses of
the ground state and excited heavy baryons containing one heavy dliarilculations [R[B] are
performed in the framework of the relativistic quark model based on thsipgptantial approach
in QCD. We use the heavy-quark-light-diquark approximation to reducenplicated relativistic
three-body problem to the subsequent solution of two more simple two-bobiems.

In the considered model the diquark is described by the colour tripletfuagton y) of the
two-quark bound state and the baryon is described by the wave funétig)rof the quark-diquark
bound state, satisfying the quasipotential equations of the Schrodinger typ

b*(M) p2> d3q
< oux  2ur) PaEP) = | psvee(P.aiM)¥ae(d) (1)
where the relativistic reduced mass is
M* — (mé — mg)?
e @

and the on-mass-shell relative momentum squared

M2 — (my -+ mp)2)[M? — (my —my)?].

1
(M) = 4M?2

(3)

The kerneNgg(p,q;M) in Eqg. (1) is the QCD motivated operator of the quark-qualkar
quark-diquark B) interaction. It is constructed with the help of the off-mass-shell scattamimg
plitude, projected onto the positive energy states. For the constructioa gliirk interaction po-
tential in the diquark and baryon we closely follow the similar construction ofjtlek-antiquark
interaction in mesons. For the quark-quark interaction in a diquark we aselttionVyq = Vgg/2
arising under the assumption about the octet structure of the colour mpi@r&ction. An impor-
tant role in this construction is played by the Lorentz-structure of the mampative confining
interaction. In our analysis of mesons we adopted that the effectivé-@quméiquark interaction
is the sum of the one-gluon exchange term and the mixture of long-ramt® eend scalar linear
confining potentials with the vector confining potential containing the Pauli téfenuse the same
conventions for the construction of the quark-quark and quark-digageractions in the baryon.
The explicit expressions for the quasipotential of the quark-quzakifteraction in the diquark
and quark-diquark@d) interaction in the baryon are given in Reff. [R, 3]. Values of the model
parameters can be also found in these references.

The first step is the calculation of masses, wave functions and form saatahe diquarks,
composed from two relativistic light quarks. Next, at the second stepawayhmaryon is treated as
a bound system of a relativistic light diquark and heavy quark. It is impotteemphasize that we
do not consider a diquark as a point particle but explicitly take into acdtaigtructure through
the digquark-gluon vertex expressed in terms of the diquark wave fuisctiime calculated values
of the ground state and excited baryon masses are given in Thfles bripadson with available
experimental datdJ1].
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Baryon 1(J%) Theory Experiment
our Roberts  Karliner Jenkins Lewis PDG
(2005) Pervin etal Woloshyn
Ae 03" 2297 2268 2286.46(14)
e 13") 2439 2455 2453.76(18)
sz 13" 2518 2519 2518.0(5)
= 33A7) 2481 2466 2471.0(4)
= 11" 2578 2594 2580.8(2.1) 2578.0(2.9)
= 13" 2654 2649 2646.1(1.2)
Q031" 2698 2718 2697.5(2.6)
Q: 03" 2768 2776 2760.5(4.9) 2768.3(3'0)
Ao O(3") 5622 5612 5628f)  5620.2(1.6)
5, 1(3") 5805 5833 5814  5824.2(9.0) 5793 5807.5(2.5)
:  1(3") 583 5858 5836  5840.0(8.8) 583 5829.0(2.3)
ib %(%D 5812 5806 5795(5) 5805.7(8.1) 575Y( 5792.9(3.0)
= 3(3") 5937 5970  5930(5) 5950.9(8.5)  588H(
= 4(3") 5963 5980 5959(4) 5966.1(8.3) 584Y(
Q, 0(") 6065 6081 6052(6) 6068.7(11.1) 6OER)( 6165(23)
:  03") 6088 6102 6083(6) 6083.2(11.0) 6033

T BaBar 2006; * CDF 2006 §;); * CDF 2007; ** DO 2008

Table 1: Comparison of theoretical predictions and experimentt ta masses of the ground state heavy

baryons (in MeV).

Q=c Q="b

I(JP) Qdstate M MexP [1T] M MSP[] MSPCDF
0" 1S 2297 2286.46(14) 5622 5624(9) 5619.7(2.4)
0(3) 1P 2598 2595.4(6) 5930

0(37) 1P 2628  2628.1(6) 5947

03" 2S 2772 2766.6(2.4)? 6086

o'y 1D 2874 6189

05") 1D 2883 2882.5(2.2)? 6197

Table2: Masses of thé\g (Q = c,b) heavy baryons (in MeV).

The mass spectra of thie; andZq baryons are presented in Tabp$]2, 3. Masses of the ground
states are measured both for charmed and boftgrand>q baryons. For charmed baryons the
masses of several excited states are also known. It is important to engptregithel” quantum
numbers for most excited heavy baryons have not been determinaihespilly, but are assigned
by PDG on the basis of quark model predictions. For some excited chayansasuch as the
Nc(2765, N(2880 andA:(2940 it is even not known if they are excitations of the or X.

Our calculations show that the,(2765 can be either the first radial §2excitation of the/\¢ with
P = %Jr containing the light scalar diquark or the first orbital excitatioR)(@f the>. with J° = %_
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Q=c Q=b

I(J°) Qdstate M MeP[l]  MePBaBar M®PBelle M  M®PCDF
13") 1S 2439 2453.76(18) 5805 5807.5(2.6)
13") 1S 2518  2518.0(5) 5834 5829.0(2.4)
1(3 ) 1P 2805 6122

1(37) 1P 2795 6108

137) 1P 2799 28024) 6106

137) 1P 2761 2766.6(2.4)? 6076

13) 1P 2790 6083

139 2S 2864 6202

13 25 2912 2939.8(2.3)? 293hp 6222

Table3: Masses of th&q (Q = ¢, b) heavy baryons (in MeV).

Q=c Q=b

1(JP) Qdstate M MEP[[] M®™PBaBar M  M®PCDF
ah 1S 2481 2471.0(4) 5812 5792.9(3.0)
137 1P 2801 2791.9(3.3) 6119

3(37) 1P 2820 2818.2(2.1) 6130

1A%y 25 2923 6264

13"  1b 3030 6359

13"y 1D 3042 3054.2(1.5) 6365

Table4: Masses of th&g (Q = c,b) heavy baryons with a scalar diquark (in MeV).

containing the light axial vector diquark. The (2880 baryon in our model is well described
by the second orbital (2) excitation of theA; with J° = g+ in agreement with the recent spin
assignment by Belle based on the analysis of angular distributions in thgsdeg@2880* —
>.(2455%F+ . Our model suggests that the charmed barf{2940), recently discovered
by BaBar and then also confirmed by Belle, could be the first rad&lgg2citation of theX. with
P = %Jr which mass is predicted slightly below the experimental value.ZI\2800 baryon can
be identified in our model with one of the orbitalRjLexcitations of the&. with JP = %7, %7 or
%_ which predicted mass differences are less than 15 MeV. Thus masskshafsa states are
compatible with the experimental values within errors.

Mass spectra of theg baryons with the scalar and axial vector ligh$)(diquarks are given in
Tabled}#[b. Our model prediction for thé, is in a reasonable agreement with recently obtained
data. In the excited charmed baryon sector we can identifiE¢gi2790 and=;(2815 with the
first orbital (1P) excitations of thez, with J° = %7 andJP = %7, respectively, containing the light
scalar diquark, which is in agreement with the PO [1] assignment. Receeifly @served two
baryons=;(2980 and=(3077), which existence was also confirmed by BaBar. Epe2980) can
be interpreted in our model as the first radigB)@xcitation of the=. with J° = %Jr containing the
light axial vector diquark. On the other hand thg3077) corresponds to the second orbitaD{j1

excitation in this system witl® = g+. Very recently BaBar observed two new charmed baryons
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Q=c Q=b
I(JP) Qdstate M MEPIl]  M®PBelle M®PBaBar M
1an 1S 2578 2578.0(2.9) 5937
13" 1S 2654 2646.1(1.2) 5963
13D 1P 2934 6249
130 1P 2928 6238
13N 1P 2931 6237
1ED) 1P 2900 6212
13N 1P 2921 6218
%(%*) 2S 2984 2978.5(4.1) 2967.1(2.9) 6327
13h 2S 3035 6341
A"y 1 3132 6420
3% 1 3127 6410
13" 1 3131 6412
15"y 1 3123 3122.9(1.4) 6403
5N 1D 3087 3082.8(3.3) 3076.4(1.0) 6377
1I%y 1D 3136 6390

Table5: Masses of th&g (Q = c,b) heavy baryons with an axial vector diquark (in MeV).

=¢(3055 and=(3123. These states can be interpreted in our model as the second orbiyal (1
excitations of the, with J° = g+ containing scalar and axial vector diquarks, respectively.

For theQq baryons up till very recently only masses of the ground-state charmgdrisar
were known. In 2006 th@; baryon was discovered by BaBar. The measured mass difference of
the Q; andQ. baryons of (78B+1.0+1.1) MeV is in very good agreement with the prediction of
our model 70 MeV|[[R]. Just before this conference DO reported tiservhtion of theQ, baryon
with the mass of 865+ 0.01040.013 GeV [4]. This value is somewhat higher than almost all
theoretical predictions (including ouMg, = 6065 MeV). However the additional experimental

confirmation is needed.

In summary, we find that all presently available experimental data for theesia$¢he
ground state and excited heavy baryons can be accommodated in the {peztirgy a heavy
baryon as the composite system of a light diquark and heavy quarkjexgieg orbital and
radial excitations only between these constituents.
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