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1. Introduction

Recently significant experimental progress has been achieved in stulgisgectroscopy of
hadrons with one heavyQ(= c,b) quark [1]. In the meson sector several new excited states of
heavy-light mesons were discovered, some of which have rather ectexppropertie[1]. The
most investigated and intriguing issue is the charmed-strange meson sdwtor, masses of nine
mesons have been measured. Even eight years after the discou@fy(2817) and D (2460
mesons their nature remains controversial in the literature. The abnormaliyragses of these
mesons put them belo®@K andD*K thresholds thus making these states narrow since the only
allowed decays violate isospin. The peculiar feature of these mesons ihélyahave masses
either almost equal or even lower than the masses of their charmed cautg@g2400 and
D1(2427). Most of the theoretical approaches including lattice QCD, QCD sum rukkslifferent
guark model calculations yield masses of thedhd 1" P-wave cs states significantly heavier
(by 100-200 MeV) than the measured ones. Different theoretical sokitbthis problem were
proposed including consideration of these mesons as chiral partn@rsaofd 1 states cs states
which are strongly influenced by the neaidi{ thresholdsPK or Dsit molecules, a mixture afs
and tetraquark states. However the clear understanding of their nastitergssing.

In the baryon sector the number of the observed charmed and bottoonbaynost doubled
in last few years and now it is nearly the same as the number of known ctharrddottom mesons.
Observations of new charmed baryons were mainly done aBifaetories, while new bottom
baryons were discovered at Tevatron. It is expected that new dataciad bottom baryons will
come soon from the LHC, where they are supposed to be copiouslyqaddiDue to the poor
statistics, the quantum numbers of most of the excited states of heavy bag®mot known
experimentally and are usually prescribed following the quark model pieaisc[]].

In this talk we will briefly review our recent investigations of heavy mesaoh lzaryon spec-
troscopy in the framework of the QCD-motivated relativistic quark modetthas the quasipoten-
tial approach. The dynamics of all quarks in hadrons is treated completativistically without
application of either the nonrelativistig'c or heavy-quark Img expansions. To simplify the very
complicated relativistic three-body problem heavy baryons are comsiderthe heavy-quark—
light-diquark approximation. Such scheme significantly reduces the nurhbies excited baryon
states compared to the genuine three-quark picture. Here we presessulhie of the calculation
of the masses of the excited heavy mesons and baryons up to rather Ihigh amd radial exci-
tations. This allows us to construct the heavy meson and baryon Reggadirige both in the
(J,M?) and(n;,M?) planes, wherd is the hadron spiny is the hadron mass amd is the radial
guantum number. Then we can test their linearity, parallelism and equidistadadetermine their
parameters: slopes and intercepts. Their properties are of great ingmriince they provide
a better understanding of the hadron structure. Moreover, their kdge/ls also important for
non-spectroscopic problems such as, e.g., hadron production andrggly scattering.

2. Relativistic quark model

In the relativistic quark model based on the quasipotential approach ameadaryon in the
quark-diquark picture is described by the wave function of the cooretipg bound state, which
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satisfies the quasipotential equation of the Schrédinger fype [2]
b*(M)  p? d*q .
(S~ ) ) = [ sV paiM) ) @1)
where the relativistic reduced mass is

_ EE M- (m-nmp)?
- Eij+E, 4M3 ’

(2.2)

Hr

andE;, E; are given by

o M omEim _ MP-mEng
- oM 0 2 M

HereM = E; + E; is the bound state mass (meson, diquark or baryoy) are the quark (diquark)

masses, ang is their relative momentum. In the center-of-mass system the relative momentum
squared on mass shell reads

(2.3)

[M? — (my + mp)?][M? — (my — mp)?]
4M?2 ’
The kerneM (p,q; M) in Eq. (2.1) is the quasipotential operator of the quark (diquark) inter-
action. It is constructed with the help of the off-mass-shell scattering amg|ifudjected onto
the positive energy states. Constructing the QCD-motivated quasipotdrtial interquark inter-
action, we have assumed that the effective interaction is the sum of thieomgugluon exchange
term with the mixture of long-range vector and scalar linear confining potenivaere the vector
confining potential contains the Pauli interaction. The quasipotential is #fared by
@) quark-antiquarkc(Q_) interaction (meson)

b2(M) = (2.4)

Voo (P, d; M) = ta(p)uz(—p) 7 (p,q; M)ur(q)uz(—a), (2.5)

with 4
7 (p, ;M) = éasDuv(k)VfV; + Vot KT 4T 2+ V(K.

(b) quark-quarkqq) interaction in the colour antitriplet state (diquark)

Vaq(p, d: M) = U1 (p)Uz(—p) 7 (p, 9; M)us(q)uz(—a), (2.6)
with

7(0.0:M) = 5 | 50D (DL VoK) E (K2 () +ViSnK) |

(c) quark-diquark@d) interaction in the colour singlet state (baryon)

~ {d(P)[Juld(Q)) — , 4 v
NGOG UQ(p)sasDuv(k)V Uo(Q)
+ W5 (P)lo(P)Ja;u 5 (K)Veont(K) Ua(a) Wa(Q)
+5 (P)ug(P)Veani(K)Uo(a) Ya (Q), (2.7)

whereas is the QCD coupling constanB,,, is the gluon propagator in the Coulomb gauge, and
k=p—q; y andu(p) are the Dirac matrices and spinoksi(P)|J,|d(Q)) is the vertex of the
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diquark-gluon interaction which takes into account the internal diquauktstre,P = (E4(p), —p),
Q= (Ea(a),—q) andEq(p) = |/p?+M3.
The effective long-range vector vertex of the quark is given by
Mu(k) = yu + qukv (2.8)
wherek is the Pauli interaction constant characterlzmg the anomalous chromomagosatient
of quarks. Vector and scalar confining potentials in the nonrelativistic lirdiige to
Vconf( ) = (l—S)(AI’—I—B),
Vconf( ) = €(Ar+B), (2.9)
reproducing
VCOﬂf( ) Vconf( )+Vonf< ) Ar+B, (2.10)

wheree¢ is the mixing coefficient. The diquark state in the confining part of the qdaylark
quasipotential[(2]7) is described by the wave functions

1 for the scalar diquark
Wa(p) = { q (2.11)

&(p) for the axial vector diquark

wheregq is the polarization vector of the axial vector diquark. The effective e vector
vertex of the diquark can be presented in the form

_ (P+Qu for the scalar diquark
S = 2y/Eq4(P)Eq(q) , (2.12)
(P+Q)u 4 e sy for the axial vector diquark

 2/Es(p)Ea(q T 2Mg

wherek = (0,k). HereZ) is the antlsymmetric tensor

(Zp0) , = ~i1(GupBy — Guodp), (2.13)

and the axial vector diquark sp8y is given by(Six)i = —i&i. We choose the total chromomag-
netic moment of the axial vector diquagl = 0.

The constituent quark masseg = my = 0.33 GeV,ms = 0.5 GeV,m. = 1.55 GeV,m, = 4.88
GeV, and the parameters of the linear poterdiak 0.18 Ge\? andB = —0.3 GeV were fixed
in our previous calculations. The value of the mixing coefficient of vectat scalar confining
potentialse = —1 has been determined from the consideration of charmonium radiatiegslec
and the heavy quark expansion. Finally, the universal Pauli interagtiostantk = —1 has been
fixed from the analysis of the fine splitting of heavy quarkotia states. Note that the long-
range chromomagnetic contribution to the potential in our model is proportior(d+ ) and
thus vanishes for the chosen valuexof —1.

Since we deal with mesons, diquarks and baryons containing light querksiopt for the
QCD coupling constants(u?) the simplest model with freezing, namely

4mi 2
o H2+M2’ Bo=11 3nf, (2.14)
where the scale is taken as= 2m1mz/(m1+ mp), the background mass Mg = 2.24V/A =
0.95 GeV, and\ = 413 MeV was fixed from fitting th@ mass [B].

as(u?) =
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3. Heavy-light mesons

The quasipotentia[ (3.5) can in principal be used for arbitrary quarls@sasThe substitution
of the Dirac spinors intd (2.5) results in an extremely nonlocal potential inghguration space.
Clearly, it is very hard to deal with such potentials without any additional@fmations. In order
to simplify the reIativistioqQ_potential, we make the following replacements in the Dirac spinors:

81_’2(p) =1 /miz =+ p2 — E172 (31)

(see the discussion of this pointiﬁ [3]). This substitution makes the Fouamsform of the
potential [2.p) local. The resultimgQ potential then reads

Veo(r) = Vsi(r) + Vsp(r), (3.2)

where the explicit expression for the spin-independfgrit) can be found in Ref[[3]. The structure
of the spin-dependent potential is given by

Voo(r) = &L S1 +aL S +b | ~SiS+ 5 (Sir) ()| 4SS +ALS)(LS), (33
wherel is the orbital angular momenturs; is the quark spin. The coefficiends, ap, b, ¢c and

d are expressed through the corresponding derivatives of the Cowdathlsonfining potentials.
Their explicit expressions are given in Réf. [3].

The calculated masses of heavy-lifhandDs mesons are given in Tallea€ n; + 1, L is the
orbital momentum, andS are the total angular momentum and spin). They are confronted with
available experimental data from PDG [1]. The resultsH@ndBs mesons are given in Ref] [4].

In our analysis we calculated masses of both orbitally and radially exciteg-tigat mesons
up to rather high excitation numbeis £ 4 andn;, = 4). This makes it possible to construct the
heavy-light meson Regge trajectories in t#eM?) and (n,,M?) planes. We use the following
definitions.

(a) The(J,M?) Regge trajectory:
J=aM?+ap; (3.4)

(b) The(n;,M?) Regge trajectory:
N, = BM?+ By, (3.5)

wherea, B are the slopes andy, o are intercepts. The relations (3.4) afd](3.5) arise in most
models of quark confinement, but with different values of the slopes.
In Fig.[1 we plot the Regge trajectories in tdeNI?) plane for mesons with naturd? & (—1)7)
and unnaturalf = (—1)’~1) parity. The Regge trajectories in tiig,M?) plane are presented in
Fig.R. The masses calculated in our model are shown by diamonds. Availgi@emental data are
given by dots (error bars are very small and therefore omitted) witlesponding meson names.
Straight lines were obtained by fit of the calculated values. The fitted slopes and intercepts of
the Regge trajectories are given in REf. [4]. We see that the calculaaeg-light meson masses fit
nicely to the linear trajectories in both planes. These trajectories are almali¢@nd equidistant.
Experimentally complete sets oPiwave meson candidates are known in the charm sector.
In the bottom sector masses of only narrow states originating from th8/2 heavy quark spin
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Table 1: Masses of charmedj& u,d) and charmed-strange mesons (in MeV).

State Theory Experiment]1] Theory Experiment]1]
nStL;  JP cq meson mass cs meson mass
1, 0 1871 D 1869.62(20) 1969 Ds 1968.49(34)
133, 1° 2010 D*(2010 2010.27(17) 2111 D 2112.3(5)

+
1Ry 0 2406  Dj(2400 {22233320)) 2509  D%,(2317) 2317.8(6)

1P 1t 2469 D1(2430 2427(40) 2574 D« (2460 2459.6(6)
1P 1t 2426 D1(2420 2423.4(3.1) 2536 D¢ (2536 2535.35(60)
13, 2" 2460 D3(2460 2462.6(06) 2571 Dg(2573 2572.6(9)
2l 0 2581 D(2550 2539(8) 2688
235, 1~ 2632 {B*gggg ;2;3(2 2731 Dg«(2710 2710@%2)
1°D; 1 2788  D*(2760 2761(5) 2913
1D, 2- 2850 2961
1D, 2- 2806 2931
1°D; 3~ 2863 2971 DZ,(2860) 2862(5)
2°Ry 0" 2919 3054
2P 1* 3021 3154
2P, 1t 2932 3067 Dsy(3040 3044(739
2P, 2F 3012 3142
3 0~ 3062 3219
#¥s 1 3096 3242
13F, 27 3090 3230
1R 3" 3145 3266
1R 3 3129 3254
13F, 4+ 3187 3300
23D, 1~ 3228 3383
2D, 2” 3307 3456
2D, 2” 3259 3403
22Ds 3 3335 3469
#R 0" 3346 3513
3P, 1t 3461 3618
3P, 1t 3365 3519
3P 2+ 3407 3580
13G;3 3 3352 3508
1G4 4~ 3415 3554
1G4 4~ 3403 3546
13Gs 5~ 3473 3595
A4, 0 3452 3652
435 1~ 3482 3669
5'% 0~ 3793 4033
5S 17 3822 4048
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o i > 5 i o i > 5 i

J J
Figure 1: Parent and daughted,(M?) Regge trajectories for charmed and charmed-strange mesgtm
natural (a) and unnatural (b) parity. Diamonds are prediotasses. Available experimental data are given
by dots with particle name$4? is in Ge\2.
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Figure 2. The (n,,M?) Regge trajectories for pseudoscalar, vector and tensometia(a) and charmed-
strange (b) mesons (from bottom to top).

multiplet are known reliably. There are some indications of the brpadl/2 states both of
bottom (0") and bottom-strange {3 mesons, but additional confirmation is needed. We find
good agreement of our predictions foP Wave states with available data except for the masses
of D%(2317) andDs; (2460 mesons. These two charmed-strange meson states have anomalously
low masses which are even lower than the experimentally observed masbkescofresponding
charmedD (2400 andD;(2427) mesons. Our model predictions for the masses of thevave

0" and 1" states are almost 200 MeV and 110 MeV higher than the measured maBgg261l7)

andDg (2460 mesons. Such phenomenon is very hard to understand within the quankaaktiq
picture for these states. Most of the explanations available in the literatitlaed on some very
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specific fine tuning of the model parameters. The influence of such tunitigeosspectroscopy of
other mesons, which are well described in the framework of the convehéippeoach, is not well
understood. It is probable that these mesons could have an exotic aatuthe genuine quark-
antiquarkP-wave charmed-strange"Gand 1" states have higher masses aboveDkeand D*K
thresholds and are, therefore, broad. We find thaDyé2317) andDg; (2460 mesons do not lie
on the corresponding Regge trajectories. This may be an additional indicdtibeir anomalous
nature. All other experimentally observeB-tvave states match well their trajectories.

Our model suggests thBt; (2700 andD* (2640 mesons are the first radial excitationd%p
of the vector charmed-strange and charmed mesons. Figures[] and 2hsitdghey lie on the
corresponding Regge trajectories both in theM?) and(n,, M?) planes.

Recent experimental observation tBe(2860 decays to botDK andD*K indicates that this
state should have natural parity. In our model natural parity stat€$*D;) and 3~ (13Ds) have
masses which exceed the experimental value by about 50 and 100 Mp#&ttigely. It was argued
that from the point of view of decay rates the &ssignment is favored. However the measurement
of the branching ratios of thBZ,;(2860 decay intoD*K to the branching ratio of the decay into
DK differs from the theoretical expectations by three standard deviatioom Fig.[1 we see that
this state does not fit well to the corresponding Regge trajectory.

On the other hand, the stddg;(3040), recently observed by BaBar in tBEK mass spectrum,
has a mass coinciding within errors with the mass of th¢2P;) state predicted by our model (see
Table[]). This state nicely fits to the daughter Regge trajectory ifJFig. 1

4. Heavy baryons

The heavy-quark-light-diquark picture of heavy baryons redueesdltulations to two steps.
The first step is the calculation of masses, wave functions and form saaftthe diquarks, com-
posed from two relativistic light quarks. We follow the same approach wiahpreviously used
for heavy-light mesong (3.1). Next, at the second step, a heavyb@yeated as a bound system
of the relativistic light diquark and heavy quark. It is important to emphatiaewe explicitly
take into account the diquark structure through the diquark-gluon vexrggessed in terms of the
diquark wave function. Then the vertex of the diquark-gluon interacti@B.it) is given by

33
AP)LOAQ) = [ s PP up. )W), @1)
It leads to the emergence of the diquark-gluon form fa€tar) which with high accuracy can be
approximated by the expressidh [5]

F(r)=1—e &7 4.2)

The values of the diquark masses and paramétersd{ for the ground states of the scalgrq']
and axial vectofq,q'} light diquarks are given in Ref[][6].

We solve numerically the quasipotential equation with the quasipotential whigtentrba-
tively accounts for the relativistic dynamics both of the light diquar&nd heavy quark). The
calculated values of the ground state and excited baryon masses aréngiable[? forAq and
= baryons with the scalar diquark (for masses of other baryons se@Bef comparison with
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available experimental datg [1]. In the first two columns we give the bagyantum numberslf)
and the state of the heavy-quark-light-diquagd) bound system (in usual notatiois + 1)L),
while in the remaining columns our predictions for the masses and experimatdairg shown.

It is important to note that in the adopted quark-diquark picture of heamgyoha we consider
solely the orbital and radial excitations of the bound heavy quark and lightuk, while light
diquarks are taken in the ground (scalar or axial-vector) state. Azl n@e get significantly less
excited states than in the genuine three-quark picture of a baryon. Aeé#rnsfiiom Tablg]2, such
an approach is supported by available experimental data, which are amslynmodated in the
guark-diquark picture.

In Fig.[3 we plot, as an example, the Regge trajectories inXhé?) plane for charmed and
bottom baryons with naturaP(= (—1)?~%/?) and unnaturalff = (—1)’*%/?) parities. Other Regge
trajectories including the ones in tl’, M?) plane are presented in Reff| [6]. Again we see that the
calculated heavy baryon masses fit nicely to the linear trajectories in bottspl@hese trajectories
are almost parallel and equidistant.

A2 A2
M? 4y M? gy
_° 1 s
/// ///'0 1 -
12r 7 — 0 120 - — _— o
e — L : - - —
10+ — A _— - _— _—
N _— e 1 101 A -
8 — o 1 AE/(;/940)'7 —
& " Ac (2880 - L i
5 (2765) - Ae (2880) ] 8 s
6L e (2625) ] '
'y 1 6 Ao (2595)
Ac 1
4 |
‘ ‘ ‘ ‘ ‘ ‘ 2 ‘ ‘ ‘ ‘ ‘
1/2¢ 3/2 5/2* 7/2" 9/2° 11/2- 1/2- 3/2 5/2 7/2 9/2
J J
A2 A2
M? 4y M= 14
12+ o . ] 120
// p " - ////6 <
7 - _© —
e - - e 1 // - _—
101 o — - 101 e 7
- _— /////)/ - 7/// o o _—
8t /?/// 1 8F Ac (2940)? ////
5 (2800) - _—
//// 7 /
6 & b 6 .
X 1 Zc
4- 1 4k
@ 1/2° 3/2 5/2' 72 9/2' (b) 32 52 720 9/2 112
J J

Figure 3: Parent and daughted,(M?) Regge trajectories for th&. and X, baryons with natural (a) and
unnatural (b) parities. Diamonds are predicted masseslaia experimental data are given by dots with
particle namesy? is in Ge\~.

The obtained results allow us to determine the possible quantum numbers disieed
heavy baryons and prescribe them to a particular Regge trajectorye (@, ¥?) plane there are
three trajectories for which three experimental candidates are availaen{grajectories for the
Ac (;) for the= (%+) and for the= <%+)) and two trajectories with two experimental candi-

dates (parent trajectories for tE@(?) and for the= ({)). On the other hand, in th&( M?)

plane there are three trajectories with two experimental candidateA(((hE) and the/\; (%7>
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Table 2: Masses of thé\g and=q (Q = ¢, b) heavy baryons with the scalar diquark (in MeV).

Qd Ac =c =b
JP state M MeXP [I] M MeXP [fI] M MexP [] M MexP (]
1T 1S 2286 2286.46(14) 5620 5620.2(1.6) 2476 247(B§8 5803 5790.5(2.7)
1T 2S 2769 2766.6(2.4)? 6089 2959 6266
1" 3s 3130 6455 3323 6601
1" 45 3437 6756 3632 6913
1" s 3715 7015 3909 7165
1" s 3973 7256 4166 7415
17 1P 2598 2595.4(6) 5930 2792 2791.8(3.3) 6120
17 2P 2983 2939.81)? 6326 3179 6496
17 3P 3303 6645 3500 6805
17 4P 3588 6917 3785 7068
37 5P 3852 7157 4048 7302
37 1P 2627 2628.1(6) 5942 2819 2819.6(1.2) 6130
37 2P 3005 6333 3201 6502
37 3p 3322 6651 3519 6810
37 4P 3606 6922 3804 7073
3” 5P 3869 7171 4066 7306
3T 1D 2874 6190 3059 3054.2(1.3) 6366
s 2D 3189 6526 3388 6690
3" 3D 3480 6811 3678 6966
3T 4D 3747 7060 3945 7208
ST 1D 2880 2881.53(35) 6196 3076 3079.9(1.4) 6373
ST 2D 3209 6531 3407 6696
ST 3D 3500 6814 3699 6970
ST 4p 3767 7063 3965 7212
5 1F 3097 6408 3278 6577
> 2F 3375 6705 3575 6863
> 3F 3646 6964 3845 7114
37 4F 3900 7196 4098 7339
7 1F 3078 6411 3292 6581
I~ 2F 3393 6708 3592 6867
7 3F 3667 6966 3865 7117
17 4k 3922 7197 4120 7342
" 16 3270 6598 3469 6760
1" 2G 3546 6867 3745 7020
9" 16 3284 6599 3483 6762
9" 26 3564 6868 3763 7032
2 1H 3444 6767 3643 6933
47 1H 3460 6766 3658 6934

N

10
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and the=, %+ . All experimental points fit well to the corresponding Regge trajectoriéasimdd
in our model.

From calculated masses (Taljle 2) and plotted Regge trajectories (Fig. 8¢enthat the
Nc(2765) (or 5(2765), 1 if it is indeed the/ state, can be interpreted in our model as the first
radial (&) excitation of the/\.. If instead it is the& state, then it can be identified as its first orbital
excitation (P) with J = g_. The A¢(2880 baryon corresponds to the second orbital excitation
(2D) with J = §+, fitting nicely the parent\. Regge trajectory in theJ(M?) plane (see Fid.]3).
Such prescription is in accord with the experimental evidence coming frori:t2d55 17 decay
angular distribution[J1]. The other charmed baryon, denoted #2940, probably had = 0,
since it was discovered in thED® mass spectrum and not observed in pfie" channel, but = 1
is not ruled out[[lL]. If it is really the\., state then it could be an orbitally and radially excited
(2P) state withd = {, whose mass is predicted to be about 40 MeV heavier (seg]Fig. 3). A better
agreement with experiment (within few MeV) is achieved, if i¢2940 is interpreted as the first
radial excitation (2) of the 2, with J = %+. TheZ.(2800 can be identified with one of the first
orbital (1P) excitations of th&, with J =5 or %_ which have very close masses compatible with
experimental value within errors.

From the results for masses and the Regge trajectories &dlaryons both with the scalar
and axial vector diquarks we see that ;2790 and=(2815 can be assigned to the first orbital
(1P) excitations of the=. containing a scalar diquark with= { andJ = %7, respectively. On
the other hand, the charmed bary®¢(2930 can be considered as either the- 27, J= 3" or
J= gf state (all these states are predicted to have close masses) correspoticentirsd orbital
(1P) excitations of the=; with an axial vector diquark. While th&;(2980 can be viewed as
the first radial (&) excitation withd = %+ of the =, the =¢(3055 and=¢(3080 baryons can be
interpreted as a second orbitaD(Rexcitations of the=. containing a scalar diquark with= %+
andJ = g+, and the=.(3123) can be viewed as the correspondin@)2xcitation of the=, with

_ 7t
J_é .

For theQ. baryons as well as for all bottom baryons only masses of ground statéa@wvn
[fl], most of which were measured recently. Our original predictiongHerground state$][5] of
these baryons are very close to the values presentd in [6] and aglteeitiv measurement§][1].

It is interesting to compare the values of the slopes of the Regge trajectarlesavy baryons
[A], heavy-light [4] and light mesong][3]. Comparing correspondiatues, we find that for the
same flavour of the heavy quark the heavy baryon slopes have higlweswthan the heavy-light
meson ones. It is also worth remarking that the ratios of the heavy baryweaty-light meson
slopes @oqq/ doq and Bogq/Bag) have very close values, which are about 1.4, both in Jh&l%)
and in @y, M?) planes. Note that light baryons and light mesons have almost equab \afltise
Regge trajectory slopes.

1t is important to note that thé” quantum numbers for most excited heavy baryons have not beemitetd
experimentally, but are assigned by PDG on the basis of quark maatittions. For some excited charm baryons such
as the/\¢(2765), Ac(2880 andA¢(2940) it is even not known if they are excitations of the or Z.

11
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5. Conclusions

In this talk the spectroscopy of charmed and bottom mesons and barysronsidered in
the framework of the quark-diquark picture in the relativistic quark mode¢ fAeavy baryon was
treated as a heavy-quark—light-diquark bound system in which excitatimng only between a
heavy quark and a light diquark. The light diquarks were considenddio the ground (either
scalar or axial vector) state. The diquark internal structure was takera@tount by including
form factors of the diquark-gluon interaction in terms of the diquark wawetions. The dynamics
of light and heavy quarks and diquark was treated completely relativistis@thput applying of
either the nonrelativistio/c or heavy quark Img expansions. Such nonperturbative approach is
especially important for the highly excited charmed hadron states, whenedkig quark expansion
is not adequate.

We presented the calculated masses of ground state, orbitally and radicilydeReavy
mesons and baryons up to rather high excitations. This allowed us to adrsteuRegge tra-
jectories both in théJ,M?) and(n;,M?) planes. It was found that they are almost linear, parallel
and equidistant. Most of the available experimental data nicely fit to them. Imésen sector,
the anomalously lighD%,(2317), D« (2460 andDZ,(2860 mesons, which masses are 100-200
MeV lower than various model predictions, are exceptions. The masgbe charmed-strange
D%(2317), D¢ (2460 mesons either almost coincide or are even lower than the masses of the part-
ner charmed} (2400 andD1(2427 mesons. These states thus could have an exotic ofigin [7].
It will be very important to find the bottom counterparts of these states inr dodeeveal their
nature. On the other hand, in the baryon sector the assignment of thensspizlly observed
heavy baryons to the particular Regge trajectories allowed us to suggeagpidntum numbers of
the excited heavy baryons. It was found that all currently availableraxental data can be well
described in the relativistic quark-diquark picture, which predicts sigmitlg less states than the
genuine three-body picture.
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