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Summary

The present thesis executes a comprehen-
sive study of open charm and open bottom
mesons. This thesis describes, the strong de-
cay of excited open charm and open bottom
mesons to the ground state mesons plus light
pseudoscalar mesons within the framework of
leading order approximation of heavy quark
effective theory (HQET). Experimental infor-
mation in the bottom sector is limited [1].
Due to large non-resonant continuum contri-
butions, however, experimentally the broad
resonance states are difficult to identify. So
their masses can be calculated by exploiting
the effective field theory based on heavy quark
flavor symmetry [2].

The heavy quark effective theory is devel-
oped in the leading order approximation by
expanding the QCD Lagrangian in the power
of 1/mQ as,

1 1
Luger =Lo+ —Li+—F5L2+ ..., (1)
mq mg

where finite heavy quark mass corrections are
applied and the heavy quark symmetry break-
ing terms are studied order by order. Only
the first term survives at the heavy quark
mass limit, and it will have the impact of
interaction because the leading Lagrangian
Lo = hy,(iv - D)h, possesses an exact spin-
flavor symmetry of heavy quarks (more infor-
mation can be found in Ref. [3]).

With the help of fields presented in Egs.
(1)-(7) in [4, 5], the kinetic terms of the heavy
meson doublets and the field ¥ = &2 of light
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pseudoscalar mesons are define in the effective
Lagrangian as [6],

L =iTr[Hyv" Dypa Ha + %Tr[aﬂzaﬂz*]
+ Tr[Sp(iv" Dyba — 0baAs)Sa)
+ Tr[Ts (iv* Dypa — 66 A7) Taa]
+ Tr[ X5 (iv"* Dpba — 0paAx)Xaa) (2)
+ Tr[Ybaﬁ(iI/”Duba — 0baAy)Yaas]
+ TT[Z:ﬁ(il/HDuba — 00aA2) Zaap]
+ TT[R?B (iv" Dyba — Oba AR)Raag].

Here Ap (with F = S,T,X,Y,Z, R) is the
mass parameter that gives the mass splittings
between excited and low-lying negative parity
doublets and can write in the form of spin-
average masses. The mass degeneracy be-
tween the members of spin-doublets are bro-
ken by the Lagrangian as [2],

1 7 v
‘C’l/mQ :%{AHTT[HQUM Hao-#]/]

— AsTr[Sa0"” Sqo ]

+ AT Tr[Te o™ TS o)
—AxTr[RE o™ X% (3)
+ Ay Tr[Y P e Y P )

— Az Tr[Z58P " 228 0,

+ ArTr[RP 6" RSP 0,] )

With increasing the powers of inverse heavy
quark mass, the induced symmetry breaking
terms will suppress. The hyperfine mass split-
ting between the members of the doublets is
represented by the constants Ay, Ag, Ar, Ax,
)\y7 Az, and )\R.

Flavor symmetry states that the mass split-
ting Ar between doublets and the mass split-
ting Ar between spin-partners in doublets are
unaffected by heavy quark flavor, i.e.
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where ¢ and b represent the charm and bot-
tom quarks, respectively. The masses of open-
charm mesons can use to predict the masses
of open-bottom mesons in this case.

The effective heavy meson chiral La-
grangians (defined in Egs. (9)-(17) in [4, 5])
determine the expressions of strong decays of
heavy-light mesons to a member of the lowest-
lying heavy-light spin doublet plus light pseu-
doscalar mesons (m, 1, and K),

1 Pp )
1M 0
N 1/2( 772 2 a2
where |Pp| = 2T ME M MP) g e two-

2Mp,
body strong decay P, — P, + P, with the tri-
angular function; )\(Ml%a, MI%b, M3) = Mfga +
Mp +Mp—2Mp M3 —2M3, M3 —2M3 M3,
J is the total angular momentum of initial
state of meson and M gives the scattering am-
plitude.

For D} (2750) as 13D, the two-body strong
decays D%(2750) — Dm, D*m; having the 7
mesons three momenta P;r = 749 and 648
MeV, respectively. The decay widths

I'(D%(2750) — Dm, D*w) o P1,  (6)

where P7 =1.3 x 1020 and 4.8 x 10'° MeV7 in
the decays to the final states Dw and D*m, re-
spectively. A small difference in P, can lead to
a large difference in f’Z , so we have to take into
account the heavy quark symmetry-breaking
corrections and chiral symmetry-breaking cor-
rections so as to make robust predictions [7].
The higher-order corrections for spin and fla-
vor violation of the order O(W%Q) are not tak-
ing into consideration to avoid introducing
new unknown coupling constants. We expect
that the corrections would not be larger than
(or as large as) the leading order contribu-
tions. At the hadronic level, the % correc-
tions can be crudely estimated to be of the
order P./Mpx ~ 0.15-0.30.
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We obtain the explicit expression of decay
widths in the form of a square of the strong
coupling constants [4, 5]. We hope that the re-
sults from the LHCb, BESIII, and the next ex-
perimental facility PANDA will fit these strong
couplings in the near future. The ratios among
the decay widths are independent of the cou-
plings and confronted directly with the ex-
perimental measurements. That can be used
to confirm or reject the quantum number as-
signments of experimentally observed excited
heavy-light flavored mesons. Additionally, our
spin-parity assignment of experimentally ob-
served open-charm mesons are allows to con-
struct the Regge trajectories in (M?2,J) and
(M?,n,) planes, where n,. is the radial princi-
pal quantum number, and M? is the square of
the meson mass [8]. We fix the slope and the
intercept of each Regge line and estimate the
masses of higher excited open-charm mesons
lying on the Regge lines. Their ratio of the
strong decay rates may guide future experi-
mental studies to find them in fundamental
decay modes.
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