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The experimental discovery of the orbitally-excited heavy-lID®2317) andDs(2460 mesons
[fl] aroused a great interest for particle physicists. The masses @&f stetes proved to be much
lower than expected values in ordinary quark models while their widths wepgisingly small.
The problem was studied in different approaches: in relativistic quadeialculations[[2]{[4],
on the lattice[[], in QCD Sum Rule§ [B, 7], in chiral modé€ls[[8, 9] (for rexdesee also[[1d, 11]).
Note, that the masses bg(0+) andDs(1"') in closed-channel approximation typically exceed by
~ 140 and 90 MeV their experimental numbers, so a multi-channel appr@acto be applied to
solve this problem.

The mass shifts of th@s(0+,1+') mesons have already been considered in a number of pa-
pers with the use of unitarized coupled-channel mddél [12], in nonristati Cornell model [13],
in semi-relativistic model with inverse heavy quark mass expangidn [1d]jradifferent chiral
models [1p]{1}7]. Here we address again this problem with the aim to ctécalso the mass
shifts of theDs(11') andBs(0™, 1) states and the widths of the and 1" states, following the
approach developed iff 16]. The main theoretical goal is to understarainical mechanism re-
sponsible for such large mass shifts of theahd 1" levels and explain why the position of other
two levels remains practically unchanged.

Our analysis of the two-channel system is performed with the use of thal chuark-pion
Lagrangian which has been derived directly from the QCD Lagrandfighif the frame of the
Field Correlator Method (FCM) and does not contain fitting parameters,adhh shift of the
D%(0") state~ 140 MeV is only determined by the conventional decay consfiant

From the common point of view, due to spin-orbit and tensor interactior-thave multiplet
of a heavy-light (HL) meson is split into four levels wiff¥ = 0,1}, 1,;, 2+ [[9). Here we use
the notation H(L) for the higher (lower)1state because a priori one cannot say which of them
mostly consists of the light quark= 1/2 contribution. Starting with the DiracB-wave levels,
one has the states with=1/2 andj = 3/2, which are not mixed in the heavy-quark limit, while
for finite mg they can be mixed even in closed-channel approximafion J8, 19]. Thespmnding
1IH eigenstates can be obviously parameterized by the mixing gngle

Taking the meson emission to the lowest order, one obtains the effectivke-gjoa La-
grangian in the form
Paha

fr

Writing the equation[{1) aALrcm = — [ Vi¢dt, one obtains the operator matrix element for the
transition from the light quark stat€i.e. the initial staté of a HL meson) to the continuum state
f with the emission of a NG mesd@aAa). Thus we are now able to write the coupled channel
equations, connecting any state of a HL meson to a decay channel whitdinsoanother HL
meson plus a NG meson.

In subsequent analysis it is convenient to define the masses we ar@tadcwith respect to
nearby thresholdmy, = Mk + mp. We introduce the following notations:

Blecw =~ [ 4" (90lxlys %52 i ®

Eo=m9DJ—mp—mk, dm=mDg—-m%Dg, A=Eg+dm=mDg—mp—mk, (2)

whereA determines the deviation of tli& meson mass from the threshold, and can be complex if
a decay tdK pair is allowed. In what follows we consider unperturbed mas®¢3”) of the QQ)
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levels as given (our results do not change if we slightly vary their positiaihjs way the analysis
is actually model-independent).

In our approximation we do not take into account the final state interactiore iDKhsystem
and neglect th®-meson motion. Also, in the w.f. we neglect possible (very small) mixing between
the D(1,), D(1;),) states and betwedbs(zg/z), Ds(25+/2) states; physicaDs(1") states can be
mixed, though. For a HL meson we consider a lighfor stranges) quark with current (pole)
massimg s moving in the static field of a heavy antiqua@ and take its w.f. as a 4-spinor obeying
the Dirac equation with the linear scalar potential and the vector Coulomb poteiitisirozen

Qs = const:

4
U=oar, ch—g, Bzﬁas. 3)

The light quark eigenfunction is calculated numerically with the following setasmeters: (the
same as in our previous papefrs|[20]):

0=018GeV, as=0.39, my=210MeV, mg~0MeV, (4)

The choice ofo andas is a common one in the frame of the FCM approach, and the value of the
light quark mass really does not influence here on any physical regdsaibe of its smallness in
comparison with the natural mass scgle. The strange quark mass is taken frdm [21], where
it was found from the ratio of experimentally measured decay constdbty/f(D); the same
value can be obtained by a renormalization group evolution starting fromotiheiational value
ms(2 GeV) = 90+ 15 GeV.

In our analysis the 4-component (Dirac) structure of the light quarkiswdtucially important.
In the end, it is just the strong overlap between higher and lower comparfahts quark bispinor
which leads to the large shift of the 1state with a concurrent small one for'1state, so this
phenomena reveals a natural explanation (all the details can be fori})in [2

To compute the physical meson masses we will take into account the followinsgpmesons
in coupled channels (efers to first (initial) channel, whilé refers to second (decay) one):

f
Ds(0") D(0)+K(0)
Ds(1t) D*(17)+K(0)
Ds(2") D*(1)+K(0)

(5)

and analogously foB-meson case, with corresponding masses and threshold values (in MeV):

mp+ = 1869 mp+ + mg- = 2363,; Mp«+ = 201Q  mMp«+ + mg- = 2504,

6
Mg+ = 5279 Mg+ + M- =5772;  mg =5325 mg + M- = 5819 ©)

The ultimate results of our calculations are presented in Tdb[¢s 1-3. A priercannot say
whether thej = 1) and|j = §> states are mixed or not. If there is no mixing at all, in this case
the widthl" (D« (2536)) = 0.3 MeV is obtained in[[33], while the experimental limit is< 2.3
MeV [P4] and recently in[[35] the width = 1.04+0.17 MeV has been measured. Therefore small
mixing is not excluded and here we take the mixing anglgightly deviated fromyp = 0° ( no
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Table 1: Dg(0")-meson mass shift due to tidK decay channel anBs(0™)-meson mass shift due to the
BK decay channel (all in MeV)

state m© mitheor) — mExp)  gm
Ds(0) 2475(30) 2330(20) 2317 -145
Bs(0) 5814(15) 5709 (15) notseen -105

Table 2: TheDg(11), Dg(27) meson mass shifts and widths due to BYé&K decay channel for the mixing
angle £ (all in MeV)

state m(© mheon) — pyexp) F%‘fgg) rg‘f.‘;% om
Ds(1;) 2568(15) 2458(15) 2460 x x  -110
Ds(lf) 2587 2535 2535(1) 11 <13 -2
Ds(2;,) 2575 2573  2573(2) 0.03 notseen -2

Table 3: TheBs(1"), Bs(2) meson mass shifts and widths due to Bi& decay channel for the mixing
angle 2 (all in MeV)

state m mtheor) mexp) rggl*es)r) rEeB)i% >m
Bs(1;) 5835(15) 5727(15) notseen X X -108
Bs(1") 5830 5828 5829 (1) 08 <23 -2
Bs(2§/2) 5840 5838 5839(1) <103 notseen -2

mixing case). Then we define those angpashich are compatible with experimental data for the
masses and widths of both Ftates.

The large value cdsp for the 1 (j = 1/2) state provides large mass shift {00 MeV) of this
level and at the same time does not produce the mass shift of thevél, which is almost pure
j= % state. We would like to stress here that the mass shifts weakly diffddf@andBs, or, in
other words, weakly depend on the heavy quark mass.

Thus we have obtained the shifted masst®8s,07) = 571Q15) MeV and M(Bs, 1t') =
5730(15) MeV, which are in agreement with the predictions jn][11] and of S.Narigprafid
by ~ 100 MeV lower than in[J2][B]. The masses of thé and 1" states precisely agree with
experiment.
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