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Introduction

@ The D(,) meson semi-leptonic decays serve as a crucial platform for testing

SM, precisely measuring the CKM matrix elements, and searching for NP.

@ More and more data on the D, — (P, S, V, A)lv, decays have been
collected by BESIII, CLEO, Belle and BaBar collaborations, particularly
some scalar and axial-vector mesons have been observed in D, meson

semi-leptonic decays by BESIII.
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Introduction

@ In theory, accurate calculations of the D, — (P, S, V, A)fv, decays require
knowledge of the related transition form factors, but this depends on a non-
perturbative QCD understanding of the internal structures of the final-state

hadrons.

@ Current theoretical models show reasonable agreement for the form factors
of the transitions D(,) — P, V, but significant discrepancies in those of the

transitions D) — S, A.
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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 transtion

form factors.
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The CLFQM general calculation

procedure
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The CLFQM general calculation procedure

The Bauer-Stech-Wirbel (BSW) transition form factors are more frequently used and
defined by,

(s(P")|aulDey (P)) = (Pu - LJ(SL; e qu) 7O () + ijq; " 0uFo @ ()
Ay i (7)) = =] (g =) O () = O (@)

o [ () @)

G IV 0 ) R e——————— L OB P 3)

mD(s) — my

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).
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The CLFQM general calculation procedure

The decay amplitude in the lowest order for the transition D, — M

Dy M N, hD M
pPoM _ 3 e /d4 <s> SD(s) o 4
u "emi) th N’N”Ng @
P Py
P p

° N’l(//> = pll(//>2 — mll(//>2, Ny = p2 — m2 arise from the quark propagators.
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The CLFQM general calculation procedure

oM . . . .
The trace SZS) can be obtained directly using Lorentz contraction,

5" =T [ys (A 4 mi) v (B +m5) 75 (= o2+ ma)]
sf(s)s =T [(=0) (47 +m) ) vuvs (#1 +mi) v (= 2 +m2)],

DV D, \4 D, \4
5oV = (Sv“) ~ 5, )

=Tr [(% - (Plll — pz)u> Y+ mlll) (Y — Yuvs) (/17/1 + mll) s (— p2 + mz)] ,
v
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The CLFQM general calculation procedure

The covariant vertex function h’](J are defined as

"no_oqn 2 2 T1X2 1
hp = hy = (M — Mo ) N, \@Mg’%
2 T1 T2 1 ]\,47,/2
h": \/jh// — M-/l27 12 - 0 , 6
S 3/ ( 0 ) N, \/§M6’ 2\/§Mg% (6)
1
B = M/Q _ 2 122 a
14 ( 0 ) N, \/ﬁM’O, Pps
with
2 "2 2 2 ~
o= (fre) =B ;ml + 2 ;mz, My = \/Mg)'? — (my —m2)*. (7)
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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(P)-wave mesons,

T [dp, 2 4 2
‘10:80(55271@_):4(;) \/d;eXp<—p%2m), -

2
©p = p(22,p1) = @90,

@ [ 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): mpo = 1.865,
mp+ = 1.87, mp: = 1.968, my+ = 0.494, mgo = 0.498, m,+ = 0.140,
Mo = 0.135, m,, = 0.548, m,+ = 0.958, my-(sg2) = 0.89, m,, = 0.775,
My, = 0.783, Mgy (050) = 0.98, My (080) = 0.99, Mgy (1450) = 1439,
Mics (1430) = 1425, i, (1270) = 1.253, M, (1400) = 1.403, mgc,, = 1.31,
mr,; = 1.34, ,mq, (1260) = 1.209, my, (1235) = 1.23;

@ The CKM matrix elements: V. ; = 0.221 £ 0.004, V., = 0.975 4 0.006,

Vua = 0.97373 £ 0.00031;
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Transition Form Factors

Input parameters:

@ The shape parameters fitted by the decay constants:

Bp = 046575013, Bp, = 054574015, B = 0.328 (0],

Bic = 0.39475503, Bn, = 03745435, By, = 0.4041505,

Br+ = 0.279, B, = 0.26, B, = 0.252, B4 = 0.322,

By = 0246991 B, = LTSZORE. 6, (1200, = 0.220*0915
o Full widths(GeV): T'po = (1.583 £ 0.004) x 10712,

Tp+ = (6.288+0.03) x 10713, T e = (1.296 4 0.006) x 10712,

Systematic analysis of D ) meson semi-leptc 2025 £ 9 B 14 H



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(f) = 9)

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 transitions D) — K,m,n" at ¢ =0.

D— K

D—x Ds - K -
This work | 0.78975-062  0.679F0-003  0.71470-004 -
CLFQM'11 0.79 0.66 0.66 -
ccQm'19 0.77 0.63 0.60 -
RQM'19 0.716 0.640 0.674 -
BESIII'15 0.737 0.637 - -
BABAR'07 0.727 - - -
D —n D—n' Ds —n Dy — 7’
Thiswork | 0.55875-019  0.4567001%  0.49070-011  0.509F0-007
CLFQM'11 0.55 0.45 0.48 0.59
LCSR'13 0.552 0.458 0.432 0.520
LCSR'15 0.429 0.202 0.495 0.558
ccQm'19 0.36 0.36 0.49 0.59
RQM'19 0.547 0.538 0.443 0.559
LQcD'14 - - 0.564 0.437
BESIII'19 - - 0.4576 0.490
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@ The relations F 7" > F27" | FD7 < FD7 are helpful explain the data

of related semi-leptonic decays.

cosf) —sind
= ol (10)
n sinf  cosf Ns

where the mixing angle 6 has been well determined as # = 39.3° £ 1.0°.

@ Precise experimental measurements of these form factors are helpful to test

the mixing mechanism and probe the n — ' mixing angle.
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Semi-leptonic Decays

@ The D — K*, p transition form factors at ¢° = 0.

Transition | Reference V(0) Ao(0) A1(0) A2(0)
D— K* | Thiswork | 0.94770010  0.635%0003  0.65610:001  0.57470:00¢
CLFQM'03 0.94 0.69 0.65 0.57
CLFQM'1L 0.98 0.78 0.72 0.60
LCSR'06 0.791 0.571 0.345 —0.723
ccQM'19 0.90 2.08 0.68 ~0.90
RQM'19 0.927 0.655 0.608 0.520
MS'08 1.03 0.76 0.66 0.49
QSR'93 1.1 0.4 0.5 0.6
BSW'85 1.23 0.73 0.88 115
D—p | Thiswork | 0.845%0:0% 054610002  0.571%95003  0.48579:991
CLFQM'03 0.86 0.64 0.58 0.48
CLFQM'11 0.88 0.69 0.60 0.47
LCSR'06 0.801 0.599 0.372 ~0.719
ccQM'19 0.76 147 0.57 —0.74
RQM'19 0.979 0.712 0.682 0.640
MS'08 0.90 0.66 0.59 0.49
QSR'93 1.00 0.6 0.5 0.4
BSW'85 1.23 0.67 0.78 0.92
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Transition Form Factors

@ The D, — K*, ¢ transition form factors at ¢> = 0.

Transition | Reference V(0) Ao(0) A1(0) A2(0)

D, — K* | Thiswork | 0.86070010 0.531%00%  0.54970003  0.48570:00%

CLFQM'11 0.87 0.61 0.56 0.46

LCSR'06 0.771 0.589 0.345 —0.675
ccQMm'19 0.80 1.53 0.57 —0.82
RQM'19 0.959 0.629 0.596 0.540

D.— ¢ | Thiswork | 1.00970:011  0.63470902  0.65670:00%  0.56470 003

CLFQM'11 0.98 0.72 0.69 0.59
LCSR'06 0.778 0.569 0.304 —0.757
ccQM'19 0.91 2.13 0.67 —0.95
RQM'19 0.999 0.713 0.643 0.492
V(0) A2(0)

The ratios of the form factors 7y = Al(oo) and rp = show good agreement with the data.
For the D — K* transition, the ratios 7y, = 1.44 and 5 = 0.86, which are consistent with
ry = 1.46 and 2 = 0.67 (BESIII). For the D — p transition, the ratios are ry = 1.49 and

ro = 0.86, which are comparable with the 7y = 1.70 and ro = 0.85 (BESIII).
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Transition Form Factors

@ The Dy — ap(980), fo(980) and D(y) — ao(1450), K5(1430) transition

form factors.

D — ao(980) D — fo(980) D — fo(980)
This work 0.51510-022 0.28310-023 0.431+9-007
LCSR'21 0.85 - -
QCDSR'24 0.53 - -
ccQMm20 0.55 0.45 0.39
LCSR'10,17 175 0.32 0.30
LFQM'09 - 0.22 0.43
DR'09 - 0.22 0.46
D — ag(1450) | D — K3(1430) | D, — Kj(1430)
This work 0.51510-017 0.49810-022 0.53715-027
CLFQM'03 - 0.48 -
CLFQM'11 0.51 0.47 0.55
LCSR'21,23,24 0.94 0.60 0.65
QCDSR'06,24 0.28 0.57 0.51
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Transition Form Factors

@ The transition form factors D — a1(1260), b1(1235) at ¢* = 0, together

with other theoretical results.

Transitions [ References [ A(0) Vo (0) V1(0) V2 (0)
D — a1(1260) | Thiswork | 0.159F70-012 030770996 1.34070-028 004870004

CLFQM'03 0.20 0.31 1.54 0.06

CLFQM'11 0.19 0.32 1.51 0.05

LCSR'19 0.04 0.10 0.26 —0.02

LCSR'21 0.34 0.24 2.63 0.34

QCDSR'16 0.314 —0.114 0.039 0.112

QCDSR'17 0.13 0.217 1.898 0.228
D — b1(1235) | Thiswork | 0.12070-901  0.498F0-020  1.40170-929  —o0.1047012

CLFQM'03 0.11 0.49 1.37 —0.10

CLFQM'11 0.12 0.50 1.39 ~0.10

LCSR'19 —0.28 —0.23 ~0.16 0.15

LCSR'21 —0.24 —0.16 —1.78 —0.24
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Transition Form Factors

@ The transition form factors D — K 4, K15 at ¢¢ = 0, together with other

theoretical results.

Transitions ‘ References A(0) Vo (0) V1(0) V2 (0)
D— Kia | Thiswork | 0.13379:912  0.31170-993  1.56670:936  0.01917-00%
CLFQM'03 0.98 0.34 2.02 0.03
CLFQM'11 0.15 0.28 1.60 0.01
LCSR'19 0.06 0.11 0.32 —0.03
QCDSR'08 0.11 0.04 0.02 —0.01
D— Kip | Thiswork | 0.01078:99%  0.001%0-937  0.23979:092  _0.03675919
CLFQM'03 0.10 0.44 1.53 —0.09
CLFQM'11 0.10 0.48 1.58 ~0.13
LCSR —0.47 —0.42 —0.26 0.29
QCDSR'08 —0.75 —0.13 —0.16 0.08

@ It is noticed that in the calculations of the D — K 4, K7 p transition form factors, the

shape parameters for K, 4 and K;p are determined from their respective decay constants,
it is different in the previous CLFQM work.
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Transition Form Factors

@ The transition form factors D, — K14, K1 at ¢ = 0, together with other

theoretical results.

Transitions ‘ References ‘ A(0) Vo (0) V1(0) V2 (0)
Ds— Ky | Thiswork | 0.155T011  0.20370-065 1. 43510-03%  0.053+0-003
CLFQM'11 0.19 0.29 1.68 0.07
LCSR'19 0.05 0.10 0.28 —0.01
QCDSR'08 0.16 0.03 0.05 —0.02
Dy — Kip | Thiswork | 0.017F0-007 014870057 0.33070-135  _g.055F0-014
CLFQM'11 0.10 0.51 1.50 —0.12
LCSR'19 —0.40 —0.41 —0.22 0.24
QCDSM'08 —0.84 —0.26 —0.30 0.14

@ It is noticed that in the calculations of the Ds; — K 4, K1 transition form factors, the
shape parameters for K, 4 and K;p are determined from their respective decay constants,
it is different in the previous CLFQM work.
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Semi-leptonic Decays

Systematic analysis of D,y meson semi-leptc 2025 9 B 14 H 23/37



Semi-leptonic Decays

The differential widths of the decays Dy — P(S)lv,

dr @ —m? 2V A(m%(s>’m?3(s)’ ) G| Vegl®

q? 384m31’3( )7r3

ml
{(2+ )A(mD<) s sy, ) FE(d)

2

m
3™ iy - m%<3>>2ﬁg<q2>},
(11)

where V., with ¢ = s or d is the CKM matrix element,
2 2 — (2 2 2\2 2 2 :
Amp,, , Mps), @) = (M, + mpg — )% —4mb  m} s and my is the mass

of the lepton £.
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Semi-leptonic Decays

The differential widths of the decays Dy — Vlvy is listed as

2 2
ar PR ,/A(m% sm3, ¢2) GR| Vel 1
L ¢ —mp 2 () 2 2 2 2\ ,2, 2
X 172 3ml>‘(mD(‘s)smV7q )Ao(ll )

— = ( L)
dg2 2 384 3 3
q q WLD(S)W
2 2 2 2
m2 +2[]2 A(m7 s , My ¢°)
T |m ) =Y = ) mp )+ mn) AL () = —— P s (%) } (12)
am3, (s) mp + my
A 2 2 2 G2 Ve 2
e _ P omip (D ™vr 4 Gl Vel
dg2 - 2 384m3 3
! ! "D "
2 2
V(g2 (mp, , +my)A1(g7)
x{<mf +2@md  m, ) | —) 0 } a3)
© ™Dy TV A o M 42
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Semi-leptonic Decays

The combined transverse and total differential decay widths

air  dl'y dl'y  dl'-
A2~ d¢¢ | d¢ + d@’ (14)

The decay width for the decays D) — Afvy can be obtained from the equation

on the previous page through the subsequent substitutions:

V(). 40 (), 41 (") A2 ()} — {A(@), Vo (a*), Va(a), Va(a)} (15)
my — ma, (16)

mp +my — mp, F ma. (17)
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Semi-leptonic Decays

@ The branching ratios of the semi-leptonic decays Dzrs) — 77(,)€+l/g.

1072 x Br(D* = netve) | 1072 x B(D" = nutwy,) | 107 x Br(D* = n/etwe) | 1074 x Br(D" = n'ptv,)
This work | Lo6Tyai R0 098 g s gamn 0 Lot oo Lagtpoa oty
LCSR'06 0.86 0.84 - -
ccQM'19 0.94 0.91 2.00 1.90
RQM'19 1.24 1.21 2.25 2.11
CLFQM'17 1.20 1.20 1.80 1.70
LCSR'15 1.42 - 1.52 -
BESIII'25 0.98 091 1.79 1.92
CLEO'11 114 - 2.16 -
PDG'24 111 1.04 2.0 -
1072 x Bo(DF — netve) | 1072 x Br(Df — nutv,) | 1072 x Br(DF — n'eTve) | 1072 x Br(Df — n'utv,)
This work 214505005 00 200555 K561t 0 1 08825607001 0.06 0.782560 7601 0.0
LCSR'06 1.27 1.25 - -
ccQmg 224 218 0.83 0.79
RQM'19 2.37 2.32 0.87 0.83
LCSR'17 2.40 - 0.79 -
PDG'24 227 2.24 0.81 0.80
BESIII'23,24 2.255 2.235 0.81 0.801
CLEO'15 .28 - 0.68 -
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Semi-leptonic Decays

@ The branching fraction ratios % ~ 6(5.6) and

Br(DY—nttv,) _
m ~ 2.4(2~8).

@ The decays D — nfvy have a larger final-state phase space compared with

that of the decays D — n/fv;. Furthermore, F" > F(?”/.

@ The discrepancy between the branching ratios of the decays D; — nfv, and

D, — 1/l is narrowed by the form factors, since Fj*" < Fo*"".
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Semi-leptonic Decays

@ The branching ratios of the decays Dy — (ap(980), fo(980), fo(500))Lyy, their values correspond to the mixing
angle 6 = 34° between f((980) and fp(500).
1074 x Br(D" — ag etve) | 1074 x BH(D° — ag ptv,) | 107 x Br(DY — agetve) | 107 x Br(D* — aop™v,)
Thiswork | L0755 0 LTy Loy LeTrosrey
LCSR'21 1.36 1.21 1.79 1.59
CCQM’20 1.68 1.63 2.18 2.12
LCSR'22 1.57 . 1.98 -
Su3'23 1.18 0.98 1.55 1.28
BESIII'18,24 1.08 - 2.08 -
107° x Br(D* — foetve) | 107° x Br(D* — foutv,) | 1072 x B(D — foeTve) | 1072 x Br(DF — foptv,)
Thewok | srangionne® | astartm® | socgraban | ssrminion
CCQM’20 7.78 7.87 2.1 2.1
LCSR'10 - - 2 -
LFQM'09 5.7 - 1.32 -
SuU3'23 3.92 3.23 2.3 1.95
BESIII'18,23 < 5.28 — 3.25 -
CLEO'09 3.77 - - -
107 x Br(DY = oetve) | 107" x Br(DY = optv,) | 1072 x Br(Df — oetve) | 1072 x Br(Df — optu,)
Thiswork | 53055 000, aorgREy e cosTg T
Su3'23 4.05 3.69 6.73 6.21

KB (HAU
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Semi-leptonic Decays

@ The branching ratio of the decay D° — a(980) ™ eTve, ap(980)~ — nm~ was determined
as (0.86 4 0.17 £ 0.05) x 10~% by BESIII , and Br(ao(980)~ — n7—) = 0.80 & 0.38 can
be obtained from I'y Br(ag(980) — nm) = 0.24 £ 0.08 keV and I'y4 = 0.30 & 0.10 keV .
So the branching raito of the decay D° — ao(980)~ e v, can be estimated to be

(1.08 4 0.56) x 10~* under the narrow width approximation.

@ Our predictions for DT — fyet v, exceed the experimental upper limits reported by
BESIII and the measured values from CLEO. However, when accounting for the
uncertainty in the mixing angle (25° < 6 < 40°), the value of Br(Dt — f5(980)etv.)

falls in the range of (3.28 ~ 7.58) x 1072, which is able to cover the experimental range.

Systematic analysis of D,y meson semi-leptc 2025 9 B 14 H 30/37



Semi-leptonic Decays

@ The branching ratios of the decays D,y — (Kp(1430), ao(1450))¢" vy,

107* x Br(D" — Kjetve) | 107 x Br(D™ — Ky v,) | 107° x Br(Df — Kgetve) | 107° x Br(Df — Kjp'v,)
This work 3.34%5.05 005 080 2.3275,51% 0500 0 25 2487501065 0 %7 1.85%0.61 7000 0,20
LCSR'24,23 4.59 3.52 3.6 3.1
QCDSR'06 4.6 4.6 2.4 2.4
CLFQM'17 2.9 2.2 2.7 2.2
1079 x Br(D" — ag efre) | 1079 x Br(D® — ag utvy) | 1079 x Br(DY — agetve) | 107% x BH(D' — aoptv,)
This work 5.807501 000 023 3.98%0.01 001 0.1 8.017501 050 061 5487505 051 0
LCSR'21 3.14 2.01 4.28 2.76
CLFQM'17 — - 5.4 3.8
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@ The branching ratios of the decays D(s) — Alvy with A =

Semi-leptonic Decays

a1 (1260), by (1235), f1 = f1(1285), f; = f1(1420).

107° x Br(D” = ay e'v,)

107° x Br(D® = ay ptu,)

107° x Br(D* = mets

107° x Br(D* = ayptv,)

This work

1.50+0.0140.23+0.16
4'3970 01-0.11-0.22

3.89+0.010.1940.13
3 8870 01-0.12-0.19

+0.03+0.80+0.21
5'8070 03-0.14-0.29

340.0240.2640.18
5'1370 02-0.15-0.26

LCSR'19
LCSR21
QCDSR'16
QCDSR'21
CLFQM'15

2.85

6.90

111
5.261

4.1

6.27
4.732

3.6

3.76

9.38

1.47
6.673

8.52

6.002

1075 x Br(D" — by etwe)

107° x Br(D" = by p'tv,)

107° x Br(D* = bretv.)

107% x Br(D* — biptu,)

This work

5 59+0-01+0.08+0.35
5.52Z0701 20/06-0.31

4+0.0140.05+0.30
4'7470 01-0.03—0.29

7 90 +0.03+0.08+0.46
/'2970 03-0.10-0.45

5.07+0.03+0.05+0.40
6.27 —0.03-0.07-0.37

LCSR'19
LCSR'21
CLFQM'17

1.88
4.85

2.47
6.58
74

6.00
6.4

107° x Br(D* = fietv,)

107° x Br(D* = fiptv,)

1074 x Br(DF = fietwe)

1074 % BH(DF = fiptv,)

This work

3,75+0.02+0.00+0.00
-75 2010220106 -0.06.

+0.0240.0740.00
3'2170 02-0.06—0.05

2.58+0.0140.10+0.03
2'\“870 01-0.09—0.03

+0.0140.0940.03
2'2270 01-0.07—0.02

CLFQM'17
QCDSR'16

3.7
1.07

3.2

0.6 —3.6

0.52 — 3.06

1077 x Bo(D* — fietv.)

1077 x Br(D* = fiptv,)

107* x Br(DI — fietve)

1074 x Bo(DF — fiptv,)

This work

£ +0.0340.15£0.00
69570703 0211 -0.16

5.70+0-03+0.1140.00
5700003 012011

40+0.0240.154+0.04
3-49Z0/02 0712004

£0.0140.12.40.03
2.89 001 20.09-0.03

CLFQM'17
QCDSR'16

2-14

1.22

2-12

2.5

2.1
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Semi-leptonic Decays

@ The branching ratios of the semi-leptonic decays D, — Kg’)ﬁug.

1072 x Br(D® — Ky etwe) | 1073 x Br(D® — Ky ptv,) | 107° x Br(D® — K" etwe) | 107° x Br(D® — K ptv,)
This work 149500 0067017 124150010011 0% 55340011035 0 ms 4504051036 0 60
CLFQM'21 1.56 1.3 3.7 2.9
BESIII'24,25 1.05 0.78 - -
1073 x Br(D* — KVe*v,) | 1072 x Br(D* — K0utv,) | 107 x Be(DF — Kyetv.) | 107 x BA(DY — Kdutv,)
This work 38010, 92H0.97H0: 3.2613.02H 00802 18650 001 05 1630070003
CLFQM’'17 3.2 2.6 1.7 1.5
CLFQM'21 3.97 3.31 - -
BESIII'23,24,25 1.29 2.36 <4.1 -
107 x Br(Dt — Ke"v.) | 107 x Bo(DY — KPutv,) | 107% x BA(Df — KPetv.) | 107% x Br(DF — KPu"v,)
This work 148100000 121155100510 8.2670 01106 051 722 503105008
CLFQM'17 0.05 —0.20 0.04 —0.17 05—-14 0.5—-1.2
CLFQM'21 0.94 0.74 - -
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Semi-leptonic Decays

K1 (1270) Kiasinfg, + Kipcosfg,,

K1(1400) = Kjacosfg, — Kipsinfg,. (18)

@ With the implementation of the new form factors for K; 4 and K;p, the predicted
branching ratios for the decays D° — K £tv, and DT — IE?K*W show no significant
difference from previous results.

@ The theoretical predictions for the decay Dt — Ig(feﬁ/e is much larger than the data.

@ The branching ratio of the decay Dt — Ial]e*ue should larger than that of the decay

Dt — Ig(l),u‘*yﬂ due to the larger phase space.
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Summary

The form factors of the transitions D(S) — P, S, V, A are systematically investigated within the CLFQM framework.

For the form factors of the transitions D(S> — P, V, our predictions are consistent well with those given by other

theoretical approaches, such as LCSR, CCQM, QCDSR and RQM.

@ Significant discrepancies emerge in some D5 — S, A transitions, such as D — ag (980), ag (1450) and

D(s) — K g, which highlight uncertainties in the internal structures of the scalar and axial-vector mesons.

@ Pronounced differences occur in the decays D(s) — (S, A)€vy among different theoretical predictions. We look

forward to measuring more of these decay channels at BESIII.

@ A comprehensive and systematic study of D(S) meson semileptonic decays in both theory and experiment plays a crucial

role in testing SM and searching for NP in charm physics.

Thank you for your attention!
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Z=: The branching ratios of the semi-leptonic decays Dy — (m, K)lvy.

Transition Form Factors

1073 x Br(D® = = etu)

1073 x Br(D® = 7~ ptvu)

1073 x Br(D* = x'ctv,)

1073 X Br(D* & «'utv,)

T v | oot oy e
ccom 2.2 2.9 2.8
curom . . " "
x Br(D? = K=etwe) | 1072 x Br(D° - K= ptu,) x Br(DT - K%tv.) | 1072 x Bt 5 KOutu,)
Thor | 50t or oty B s e st e
CLFQM 10.32 10.07
1075 % Br(DF — KOt w,) | 103 x Br(DF — Koutu,) - -
T T
arcm ar 26 R -
QM 3.18
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Z%: The branching ratios of the semi-leptonic decays D — (K*, p,w)lv;.

Semi-leptonic Decays

x Br(D® — K*~etv) | 1072 x Br(D® = K*~ptw,) | 1072 x Br(DT — K%t w.) | 1072 x Br(DT — K%t w,)
T vork T T ooy oy
RQM 1.92 1.82 4.87 4.62
CLFQM 7.5 7.0
103 x Br(D® — p~etu,) 1073 % Br(D® > p~ptu,) 1073 x Br(Dt — petu,) 1072 x Br(DF = putu,)
T vork Lo 0y e b 2rigoree PR
RQM 1.96 1.88 2.49 2.39
CLFQM 2.3 2.2
1073 x Br(DT - wetw,) 1073 x Br(D* — wutv,)
T 200y
ccom 1.85 1.78 - -
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