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Introduction

@ The ground states D, and D’(*s) have been well determined in experiments,

their produtions and decays have been extensively studied.

@ While the first radially excited states D((25) and D’{S)(ZS) have not been

well confirmed.

@ For example both D(2550)° and D;(2580)° are considered as the candidates
of netural D(21Sy).

@ D, (2590)F with J© = 0~ observed by LHCb is suggested to a candidate of
D,(2'Sy) state. Some theoretical works suggest that Dy(2590)" may not

be a pure D,(21Sy) state but rather has D* K component.
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Introduction

@ Dj(2680)°, D*(2650)° and D7 (2600)° observed by LHCb are considered as
the candidated of netrual D(23S;). The D*(2640)* discovered by Delphi
have masses consistent with the predictions of charged D(235;), while it has

not been confirmed in any other experiments.

@ Except for the assignment of Dy(235;) to D% (2700)*, Dy(13D;) and a

mixture of Dy(235;) and D4(13D;) are also been proposed.

@ We will assume the Dy(2550), D.(2590)* as D(2'Sy), D(2'Sy),
D}(2600)°, D*(2640)% as D(235,), the D%, (2700)% as Dy (2351),

respectively.
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Introduction

At the end of the twentieth century, Jaus put forward the covariant
light-front quark model (CLFQM). The CLFQM has some unique
advantages:

@ The light-front wave functions descrbing the hadron through quark
and gluon degrees of freedom can preserve a Lorentz invariant
formalism.

o The final state meson at ¢*> = 0 is usually relativistic. The CLFQM
with relativistic effects involved is suitable to study hadronic

transition form factors.
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The CLFQM general calculation

procedure
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The CLFQM general calculation procedure

The Bauer-Stech-Wirble (BSW) form factors for B — D and B — D" transitions are
defined as follows,

() uln () = (e BT ) 00 () ¢ SR (7).
<D* (PH7€//) [V, | B(P’)> — 7mguuaﬁ€//*ulgaqﬂ vBD* (qz) ,
(o™ (P".") 14ul B(P)) = i{“ﬂn* +mp) A7 (67) - %P‘M?D* (<)
—2mpe E”; Lo [45P7 () = af™" ()] }

where P= P’ + P" qg= P' — P”, € is the polarization vector. The four-momentum of the

initial (final) meson is P’ = p| + p2 (P = p + p2).

The radially excited D meson production in B 2025 £ 10 B 26 H



The CLFQM general calculation procedure

The decay amplitude in the lowest order for the transitions B — D and

B — D*

BD __ BD
Bum == 1NN”N S )
BBD* _ 3 N h/ (Zh/é*)SBD* 1%V
= Tamt | TPy ’
Pl Py
P/ PH

° M(H) = p/l(”>2 — 77/1(”)2, No = p3 — m3 arise from the quark propagators.
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The CLFQM general calculation procedure

The traces SfD and SfVD* can be obtained directly using Lorentz

contraction,

87 =T [ys (1 +mi) v (1 + mh) 75 (= 2+ m2)]

§BD" _ (SJ‘_-;;D* _ SﬁD*)

ny

nv
1 /! i 1 / U
=Tr {(’YV - W (pl - P2),,> (/191 + ml) (Y = Yus) (/ﬁl + m1) Vs (— p2 +m2)|,
14

(2)

The covariant vertex function /7, with M = D(1S,25), D*(15,25) is

defined as
B = M2 2 T1T2 1~ 7
S R i AT ()
/2 2 2 2 .
- (¢ + 62)2 _ pI J;lml n PJ_;;m27 M = \/Mgz — () — mo)?.
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The CLFQM general calculation procedure

The phenomenological Gaussian-type wave function ¢ depicts the

light-front momentum distribution amplitude for the S-wave mesons,

i [dp, 2+ 7
a5 (Bl 758)

T [dp, P2+ pi P2+ 17
(2S)_4<ﬁ2> dmexp(— 252 >(3 =)

e [ is a phenomenological parameter and can be fixed by fitting the

corresponding decay constant.
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Transition Form Factors

Input parameters:
@ The constituent quark masses(GeV): m, = 1.4, ms = 0.37, m, 4 = 0.25;

@ The masses of the initial and the final mesons(GeV):
my = 0.140,mg = 0.494, m, = 0.775, my-= = 0.892, mp = 1.86966,
mpas) = 2.549, mp, = 1.96835, mp, (2 = 2.591,
Mmpex = 2.1122,mpro = 2.0068,mp.+ = 2.0102, mp = 5.279,
Mt (35) = 2.T32, Mpro(as) = 2.62T,mpe (25) = 2.637,mpo = 5.4154.
@ The CKM matrix elements: V. ; = 0.221 £0.004, Vs = 0.975 4 0.006,

Vud = 0.97373 £ 0.00031;
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Transition Form Factors

Input parameters:

@ The shape parameters fitted by the decay constants:
Bt 1) = 0-53450011,8p0 1) = 0.50050 157, 8p = 0.466+7:037,
Bet (o) = 047350011 Bpro(as) = 04567 0:003,6p, = 060075558,
B = 05025005 B+ (a5) = 045310003, B = 0.626700;3,
Bzs) = 029775011, Bp,(2s) = 0-4227 5535, 85 = 0.555 (05

e mean life(10712s): 750 = (1.519 4 0.004), 7o = (1.520 £ 0.005),

75t = (1.638 4+ 0.004).
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Transition Form Factors

@ All the calculations are carried out within the ¢© = 0 reference frame,
where the form factors can only be obtained at spacelike momentum
transfers ¢> = —¢% <0,

@ The parameterized form factors are extrapolated from the space-like

region to the time-like region by using

F(0)
(1= ¢2/m?) [L — a(q?/m?) + b(¢/m?)*]

F(q) = (4)

e F(¢) denotes different form factors, such as Fi(¢?), Fo(¢?), V(¢?),
Ao(q?), A1(F), Aa().
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Transition Form Factors

@ The form factors of the transtions B,y — D()(15,2S) in the CLFQM. The

uncertainties are from the decay constants of B(,) and final state mesons.

F0) F(Raa) a b

FED | osthIn0l | 0stRRiaRt | 0s000rRnt | osetpgits
FEP | ossthRg | 070tgBtaR | 0asOirom | orrtagie:
PP | 02610000t | 038000t | 000 0GRl | 0satheO
RO | 02ttt | 04000t | 0oty | oarthiay
FPP | 0GT Rt | 0S| 0mt Mg | ostheion
P | oam ot | omtheeot | oastment | ossthoron
FPOE | 0260020 | 00 gRentt | 0ot | oash it
FEPE9 | 026 hottot | 05 gRentl | 000tin | —oort iR
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Transition Form Factors

@ The form factors of the transtions B — D*(15,25) in the CLFQM. The

uncertainties are from the decay constants of B and final state mesons.

F FO) Ffas) ‘ b

v o oo g | onsThgey | osrgRino:
AFP | 0TS | 0ot Bi | oaT gl | 0a2r g
APP | 0GTIRY | 076 R | 0 | 0a0%ggin
ABP | 0SSR | 0o0'EI0n) | 0os bR | 0astdiily
veres | o1t gaist | 010 Rl | o R | osugin
AEPTED | 0T | 028 I | 0205000 | 00700
APPED 06O | 05 g0 | 02BN | 0ar oot
AEPE | 005 R08) | 00rt b | L0 | —0ss g
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Transition Form Factors

@ The form factors of the transtions By — D7(15,25) in the CLFQM. The

uncertainties are from the decay constants of B, and final state mesons..

F FO) ) a b
ver Lozt (st | s il | Lo
I T e T R
AP | 0ssti | 095t | 0sUUgRIg | ostigieg
AP | osTHRS | oot | osotdids | oostdiiea
Vi [ oze s | oas Sl | 0astigeet | 0s0rgiegy
APPOS | osEean | ot | 0t | 000 gegn
AP | 02 tgRe0 | 020%00080 | 016t | oa2rgieed
AP | 00Tt | ooutgitege | aostiR | gl
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Transition Form Factors

[&: The ¢*>-dependence of the B(s) = D(s)(18,28) transtion form factors.
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Transition Form Factors

El: The ¢*-dependence of the B, — Df)(15,25) transtion form factors.

0.
12 * *
B-D =V Ay A A 04 BoD(2S) [— v -- pg - Ay - 4,
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Non-leptonic Decays B — D*)(15,28) M

The effective Hamiltonian for the decays B, — DE:))(IS, 25) M with
M= m, K, p, K can be written as

Gr

Hetr =
ff NG

Vir Vug { C1Q1 + C2 @2}, (5)

The local tree four-quark operators (); 2 are defined by :

Q1 = [Cau (1 =75) s [457" (1 = 75) ual (6)

Q2= [EaVM (1 - 5) ba] [_QB'VM (1 —s) uﬁ] ) (7)

where « and 3 are color indices.
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Non-leptonic Decays B — D*)(15,28) M

Combining with the form factors, we can obtain the partial widths for our

considered non-leptonic decays, which are written as

G2 (m2 — m2)? 7| 2 2p g0 o

['(B— DP) = - | Vi Ves|” laa|* fpFG (m) ,(8)

7TmB
y G2 2

[(B— D'P) = fjﬂ' | Vi Vas|” laa]? fpAG (mB) , (9
Gl pe)?

rBoov) = G v v R AR () (10)
Gz‘ﬁc’ 2 2 2 2

r(B—DV) = L VigVe|” ([Hol” + [Hy[" + [H-[7), (11)
167rm2B‘ 4 ‘( )
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Non-leptonic Decays B — D*)(15,28) M

Here 7. is the momentum of either of the two final state meson in the B

rest frame and Hy 4+ are the helicity amplitudes,

m%/) (mp + mp~) AfD* (m%/)

HO = lfval |:(m23 — mQD* .
2mD*
4m23p2 BD* 2
<A my) |,
mp+ mp+ - ( V) ]

He = ifymya [‘ (ms + mp-) APP" () F —oBPe_yBD" ()

mp + mp=*

Ho 1
= W, where HH and HL are

The polarization fractions are defined as f, |, 1 =
parallel and perpendicular amplitudes, respectively, and can be obtained through

_ (H_+Hy)
HyL=—7""
2025 % 10 B 26 H
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@ The branching ratios of the decays B — D(15,2S5)M with M = 7, K, p, K*.

Non-leptonic Decays B — D*)(15,28) M

00—0.08—-0.07

Modes This work Bethe-Salpeter QCDF PQCD Exp. Unit

B® —» DT (187~ 4.37F0- 01 FO-oLr0.01 3.24 3.93 | 269 | 2.52

B® - DY (18)K~ 0.3470-00+0.00+0-01 0.245 0.30 | 0.243 | 0.186 | (107%)
BY —» pt(18)p~ | 10.09F0 830104025 7.91 10.42 | 6.96 7.6

B° —» ptask*~ | 05610 00001000 0.431 0.53 | 0.407 | 0.45

B® - DT (287~ 4,760 01048038 0.458 - - -

B® —» DT (2s)Kk~ | 0.3773:50+0.04+0.04 0.034 - - - (104
B o oree,m | 050900 | ey | - | o | -

B° —» Dtk | 0581 00T000H0-00 0.0557 - - -

B~ — DY(18)n~ 4710 010 0a 012 3.49 - 511 | 4.68

B~ — DO(18)K~ | 0.3713-50+0.00+0.01 0.264 - 0.400 | 0.363 | (107%)
B~ — DY(185)p~ | 10.881508+0.00+0-27 8.40 - 11.3 | 134

B~ — DY(1S)K*~ | 0.6070 000004002 0.466 - 0.696 | 0.53

B~ — DO (28)w~ 5.1470-010.52+0-36 0.488 - - -

BT o pP@OKT | 040t GRRTRRIGE | ooz | — | - |~ | a0
B~ — DY(25)p~ | 11.36170 08+ 1a+0-T9 1.09 - - -

B~ — DY(28)K*~ | 0.6215-50+0.06+0.04 0.0595 - - -
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Non-leptonic Decays B — D*)(15,28) M

@ One can find that the branching ratios of the decays B — D(18)(r, p, K(*)) fall in the
range of 10™% ~ 1073, which are about one order larger than those of the corresponding
decays B — D(28)(w, p, K*)).

@ The small branching ratios for the latter are related to the node structure of the wave

function of D(2S5) meson.

@ Our predictions for the neutral channels B — D (x, K, p, K*)~ are consistent with the
QCDEF results but exceed experimental data. By comparison, the results from the PQCD
approach are closer to the experimental data, where except for the factorizable emission

diagram amplitde, the nonfactorizable one should also give nonnegligible contribution.

Furthermore, these two kinds of amplitdues partially cancel each other.

@ It is strange that the difference between theoretical results and expeimental data for the

charged B decays is not significant.
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Non-leptonic Decays B — D*)(15,28) M

@ Our predictions for the branching ratios of the decays B — D(25)(w, p, K(*)) are about

one order larger than those given by the BS equation.

@ The branching ratios of the decays Bs — Ds(15,2S)M with M = 7, K, p, K*.

Modes This work BS RQM | NCQM | QCDSRs | Instant-BS | PQCD | QCDF Exp. Unit
0 n — =-40.02+0.04+0.07 5
BY - DF (18)x 4,570 020 0at00r 292 | 3.5 5.3 5 2.7 1.7 4.39 2.98 +0.14
BY = pF(1s)K— 0.36H0- 00000000 0.221 | 0.28 0.4 0.4 0.21 0.13 0.33 | 0.22540.012 | (1073)
BY — D (15)p~ 10.55F0 0470091019 7.04 9.4 12.6 13 6.4 4.7 - 6.8+ 1.4
BY - Df (18)K*— 0.59 100040011001 0.392 | 0.47 0.8 0.6 0.38 0.281 - -
—0 TP — 40.02+0.61+0.50 P _ _ _ — - —
BY - DF (297 470002001050 1.13 7
BY - Dt (25K~ 0.37H0 00F0 0008 | 0.084 | 05 - - - - - - (10=%)
BY — DF(25)p~ | 10.43F0:04H130F0 1 | 949 17 - - - - - -

BO + Y K 5710.004+0.07+40.06 P
B - Dt (25)K 0.57 0000 0TE0 0% | 0.134 | 0.8 -

@ A similar situation occurs in the decays B — DF (18)M~, whose branching ratios are
also larger than the data.

@ our predctions are comparable with those given by the BS approach for the decays

BY — DF(1S)M~, but about 4 times as large as them for the decays B — D (2S)M~.

The radially excited D meson production in B



Non-leptonic Decays B — D*)(18,25) M

@ The branching ratios(10™2) of the decays B — D*(185,25)(r, p, K**)).

i
g

Modes B - p*t(s)m BY — p*t(18)K BY — D*t(18)p B —» p*t(1s)K*
This work | 5.2510-0110-0540.02 | 0 F0.0040.0040-00 | 11 o0 F0.0440. 141007 | o cot0.00+0.0150.00
001 000 ~0.04-0.50~1.0; ~0.00—
BS 3.80 0.281 8.73 0.758
RIQ - - 14.24 0.83
PQCD 2.60 0.237 7.94 0.488
Exp. 2.66 0.216 6.8 0.33
Modes BY - p*t(28)n— BY & D*t(28) K~ BY — D*t(28)p~ BY & D*t(28)K*~
5+0.0010.16.40.01 5+0.0010.0140.00 $0.000.40+0.02 £0.00+0.0210.0
This work 0.45%0700 20,16 -0.01 00354700 0.01 0,01 1.09T5 00 0 417 0.02 0067 00 0.0072-0.00
BS 0.038 0.00274 0.0267 0.00162
RIQ - - 1.12 0.07
Modes B~ = D*0(18)x— B~ = D*°(18)K~ B~ = D*°(18)p~ B~ = D*0(18)K*~
- 5.6770-0140.05+0.98 F0.0010.0010.07 5.4570-04+0.13+2.30 $0.00+0.0170.15
This work 567007017 0.19 2,53 04375700 "0.01 0,19 15.4570 7047053 6.52 0-8975 7000203 0.37
BS 4.11 0.304 8.73 0.846
RIQ - — 15.39 0.90
PQCD 5.04 0.398 11.7 0.682
Exp. 5.17 0.419 9.8 0.81
Modes B~ — D*°(28)% B™ — D*Y(28)K B~ — D*0(28)p B~ — D*0(28)K*
This work | 0.4670-00F0-16+0:01 | ( 04:F0.0040.0140-00 | | 10+0.00+0.04+0.02 0.0670-00+0-02+0.00
~0.0 000 ~0.0 ~0.0 -
BS 0.041 0.00295 0.0287 0.00173
RIQ - - 1.181 0.070

(HAU
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Non-leptonic Decays B — D*)(15,28) M

@ The branching ratios (10~3) of the decays B, — D+ (18,25)(r, p, K**))~.

Modes This work RQM | QCDSR | 3P QCDSR | PQCD | BS RIQ | Exp
BY = DIY(1S)r~ | 4.04%0021000k004 | 97 2 2.11 1.89 3.37 - 1.9
B = DyF(1S)K~ | 0.3159005000+090 | 0.21 0.2 0.159 0.164 | 0.249 — | 0132
B = Dyt (18)p | 11.22F09500540.38 | 8.7 13 - 5.23 726 | 1173 | 95
B o DK | 0667500700000 | 048 | 056 0.163 0322 | 0688 | 0.69
BY = Dy (28)r™ | 0.61550050095000 | 0.8 - - - 0.108 - -
BY — DI (28)K | 0.0555:0950005000 | 0.05 - - - |oo0777 | - -
B = Dit(28)p” | 151E000E020019 | 2.2 0.0475 | 1.05
BY = DI (28K | 0.0990055:02+000 | 0.08 - - — | 000332 | 006 | -

@ The similar situation also occurs in the decays B(S) — Dz‘s) (1.S) M: The branching ratios for some neutral B(S)
decays are about two times as large as the data.

@ Our predictions for the branching ratios of the decays B(S) — D7 (25) M are much larger than the results given by the
BS equation, but agree well with the relativistic quark model (RQM) and the relativistic independent quark (RIQ)

calculations.
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Non-leptonic Decays B — D*)(15,28) M

@ Polarization fractions (1072) of the decays B(y) — Dy, (15,25 (p, K7).

‘ Channels ‘ BY - p*t(18)p~ ‘ BY - p*ts)k*— ‘ BY - D*t(28)p~ ‘ BY — D*t(29)K*~ ‘
fL[%] 90.59 88.11 93.52 91.56
PDG 88.5 4 2.0 92738 - -
S [%] 8.27 10.47 6.42 8.36
Channel B~ = D*°(18)p~ | B~ —» D*°1S)K*~ | B~ = D*9(25)p~ | B~ — D*O(25)K*~
fl%] 90.60 88.12 93.25 91.21
PDG 89.2 + 2.4 86.0 + 6.7 - -
fi(%) 8.26 10.46 6.68 8.70
Channels B —» D;t(8)p~ | BY » Ditas)k*~ | BY » DIT(28)p~ | BY - DIt (28K~
fil%) 90.68 88.22 92.68 90.52
BS+FA 87.40 84.10 - -
BS+PQCD 85.40 85.70 - -
PQCD 87 83 - -
+6
Bell 105+§, - - -
£ (%] 8.22 10.41 7.32 9.48
BS+FA 10.40 13.30 - -
BS+PQCD 11.30 10.40 — —
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Non-leptonic Decays B — D*)(15,28) M

@ Although there exist significant difference between the form factors of the
transitions B(y) — Dy, (15) and B(,) — Df(25), the similar polarization
behaviors can be observed in these decays B(,) — D{,)(15,25)(p, K).

@ The longitudinal polarization is dominant, reaching approximately 90%,
while the transverse parallel and perpendicular polarization factions are only

a few percent or roughly 10%.
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Summary

@ The form factors of the transitions B(s) — Dy (29), D?s) (25) are much smaller than those of the corrresponding
transtions B(,) — D(,)(15), DZ‘S) (15) because of the different node structures of the wave functions between the

ground and radilly excited states of D(S) mesons.

@ Except for the branching ratios of the neutral decays B?a) — DE;)i (18) (=, p, K(*))¥, which have some excess
compared to the experimental data, overall our predicitions for the decays B(S) — DE:)) (19) (=, p, K<*)) are

consistent with the experimental measurements.

@ Most the branching ratios of the decays By — DE:))(2S)(7r, P, K(*)) lie in the range of 107° to 104, which are
likely to be detected by the present LHCb and Belle Il experiments. Our preditions for these decays are larger than the

results given by the BS equation, but agree well with the RQM and RIQ calculations.

@ Although there exist obvious difference in the branching ratios between the decays By — DE‘S) (1S)(p, K*) and
By — Dz‘s) (25)(p, K*), the similar polarization behavious can be observed in these decays

By — D, (18, 25)(p, K*).

@ Study of the decays B(s) — DE:)) 29) (=, p, K(*)) are helpful to recognize the radially excited charmed mesons.

Thank you for your attention!
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