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Abstract: In this study, D — P(x, K) helicity form factors (HFFs) are investigated by applying the QCD light-cone
sum rule (LCSR) approach. The calculation accuracy is up to the next-to-leading order (NLO) gluon radiation correc-
tion of twist-(2,3) distribution amplitude. The resultant HFFs at a large recoil point are #7(0) = 0.688*0%) and
PfO(O) = 0.780f8:8§‘9‘, in which the contributions from the three particles of the leading order (LO) are so small that
they can be safely neglected. The maximal contribution of the NLO gluon radiation correction for P;’ bK(O) is less than
3%. After extrapolating the LCSR predictions for these HFFs to the whole g-region, we obtain the decay widths for
semileptonic decay processes D — P{v;, which are consistent with the BES-III collaboration predictions within error
limits. After considering the D*/D®-meson lifetime, we give the branching fractions of D — Pfv, with £ = e,u; our
predictions also agree with the BES-III collaboration results within error limits, especially for the D — v, decay
process. Finally, we present the forward-backward asymmetry \?II‘;B (¢%) and lepton convexity parameter C ’;(qz), and

further calculate the mean value of these two observations, (ﬂf;B) and (Cf,), which may provide a way to test those

HFFs in future experiments.
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1 Introduction

Since the discovery of the D-meson by the Mark I de-
tector at the Stanford Linear Accelerator Center (SLAC)
in 1976, experimentalists have performed substantial re-
search about its properties. For example, the decay con-
stant was measured by the Mark III detector at the SLAC
[1], CLEO [2-4], and BES [5]; the corresponding branch-
ing fraction measurements were obtained from Mark III
[6], Belle [7], CLEO-c [8], BABAR [9], and BES-III [10-
12]; and the corresponding semileptonic form factors
were determined by BES-III [13] and the HPQCD collab-
oration for the lattice results [14]. Recently, the BES-III
collaboration updated the latest measurements for the D
meson semileptonic decay into pseudoscalar n and K-
meson processes, i.e., the absolute branching fractions are
BD* — K%*v,) =8.60(6)(15)x 1072, B(D* — n*v,) =
3.63(8)(5)x 1073 [15]. A brief review of the earlier work
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and current experimental status of D-meson decays can
be found in Ref. [16].

The D-meson is the lightest meson containing a single
charm quark (antiquark) and has abundant decay chan-
nels. Among them, the heavy-to-light decay contains con-
siderable information about the dynamics of weak and
strong interactions [17], which may provide a platform to
test the standard model more accurately and seek new
physics (NP) beyond the SM. For example, the
semileptonic decay D — P{v, processes can be used to
extract the Cabibbo-Kobayashi-Maskawa (CKM) matrix
elements, which are an important part of the SM, as their
associated decay branching fractions are proportional to
the CKM matrix elements [18, 19]. Meanwhile, a single
phase from the CKM quark mixing matrix dominates the
CP violation phenomena [20], which is relevant to NP.
Thus, the D-meson semileptonic decay is widely studied
via various theoretic methods.

The usual strategy for investigating D-meson semile-
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ptonic decay is to express the decay process as non-per-
turbative hadronic matrix elements with different y-struc-
tures, factorize them into Lorentz invariant transition
form factors (TFFs) by employing covariant decomposi-
tion, and then study those TFFs using various theoretic
methods, such as LCSRs [21-30], the transverse-mo-
mentum-dependent (TMD) factorization approach [31,
32], the lattice QCD [33-38], and the perturbative QCD
[39-46]. As an alternative strategy, while the other pro-
cesses remain unchanged, only the non-perturbative had-
ronic matrix elements are projected as the Lorentz invari-
ant HFFs through the covariant helicity factor. The main
difference between the latter and the usual TFFs arises
from the use of different projection methods, which will
bring some unique advantages to HFFs and may give bet-
ter physical predictions. For more details, please see Refs.
[47, 48]. For example, this method was used for dealing
with the B — p decays in our previous work [48], and the
resultant differential decay width was found to be in good
agreement with the BABAR experiment. Here, we will
attempt to use HFFs within the framework of LCSR to
study the D — P(n,K) decays. Note that, in order to get
more accurate LCSR results, our calculations for the
D — P(n,K) HFFs, P{ (g% contain both LO and NLO
contributions. For the LO contributions, two and three
particles parts are contained up to twist-4 light-cone dis-
tribution amplitudes (LCDAs), while for the NLO contri-
butions, one-loop gluon radiation correction is contained
for the twist-(2,3) LCDAs.

The remaining parts of the paper are organized as fol-
lows. In Sec. 2, we give a brief introduction for the defin-
ition of HFFs and provide the full LCSR expression for
7’(’; (g% In Sec. 3, we first discuss the hadron input para-
meters for HFFs and extrapolate those HFFs to the whole
¢* region by employing SSE. Then, we compute the dif-
ferential decay width and branching fraction for D —
P(r,K) decays from the HFFs. We compare our results
with the available experimental results as well as other
theoretical results. Finally, the conclusion is given in Sec. 4.

2 Calculation technology

The short distance hadronic matrix elements related to
the pseudoscalar D-meson semileptonic decays can be pr-
ojected as the relevant HFFs via the off-shell W-boson po-
larization vectors with4-momentum ¢ = (¢°,0,0,-|7) [47],

2
Polq®) = \/% o (@ (PBIG Y, clD(p)), (M

where the standard kinematic function A = (r_— qz)(t+ o)
with ¢, = (mp +mp)?. The polarization vectors &' (q) rep—
resent transverse (o = x), longitudinal (o =0), or time-
like (o~ = t) components. More specifically,

#(g) = ¢%(0, 1,7i,0), 5

1
& (q) = —=(4,0,0,-¢"), 3)
0 /—q2
1
g = —=q¢" 4)

2
e

In order to derive the full analytical LCSRs expres-
sion for the HFFs, we take the following two-point cor-
relation function as a starting point,

I (p,q) =i \/7 *(q)

x f A xe PIIT (L), [HON0),  (5)

where the currents f,(x) = g(x)y,c(x) and jlg(O) =
¢(0)iysu(0) have the same quantum state as the pseudo-
scalar D-meson with J¥ =0~. T stands for the product of
the current operator.

Following the basic procedure of LCSR, the correla-
tion function can be treated by inserting complete inter-
mediate states with the same quantum numbers as the
current operator ciysu in the time-like g>-region. After
isolating the pole term of the lowest pseudoscalar D-
meson, one can obtain the following expression:

2, (P|gyuclD)Dlciysu|0)
1 (p, >=\/Z H(g) £
PO=\N7® q[ m —(p+q)

(PIgy,.c\D")(D"|giysul0)
>y . - (6)
H m v T (17 + CI)
where (D|ciysul0) = m%) fp/m.. Employing dispersion in-
tegrations to replace the contributions of higher reson-
ances and continuum states, the hadronic representation
of the correlator I can be obtained

2
meD

— D7 P 2
me[mg, —(p+¢)?] @)

2@ (p+9)*) =

oo H
+ f Ls)z ds + subtractions, (7)
w S—(p+q

where so is the effective threshold parameter, and the
spectral densities p!l(s) can be approximated by employ-
ing the quark-hadron duality ansatz

PE(s) = pF P (5)60(s = s0). @®)
On the other hand, m the space-like g”-region, i.e.,
(p+q?-m?> <0 and ¢> <m?-0(1GeV?), the correla-
tion functlon can be pre- processed by contracting the c-
quark operator to a free propagator,

k+m

_ —1k X ) si
(0lc, (0E0)10) = f e e
va /_1 i k+m,
+gs j; dvGH (vx)(2 ) [—2(’"% oy o

1
+—vx ,
m— K2 ”VV]} o )
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where the nonlocal matrix elements are convoluted with we have set
the meson LCDAs with growing twist. The matrix ele-

v + v
ments can be expanded up to twist-4 LCDAs as follows Sy = Guv — IM,
[49]: px
2 1 1
PP iysu()0) = P | g 10) K(v,p-x) = fo darydarsdarsd(1 - — s — a3 K @),
my mql 0

. ' 1 ] Here, K(a;) stands @r the twist—~3 or twist-4 DA ®s.p(a;),
(P(P)Ng1(x)yuysu(0)|0) = =ip,fp fo due [¢3;P(”) Dy.p(a;), ¥Ya.p(a;), Ya.p(a)and Wy.p(e;). Furthermore, by
2p 1 replacing the non-local matrix elements and using disper-
+X21,04;P(u)] + fr(x.— = f due"’*pa.p(w), (11) sion integration to carry out the subtraction procedure of
px-Jo the continuum spectrum, the QCD representation can be

fem? obtained.
After equating the two types of representations of the
: correlator and subtracting the contribution from higher
% f dueP g (u), (12) ~ resonances and continuum states, one can further carry
0 . out their Borel transformation, i.e., replacing the variable
(p+q)* with the Borel parameter M? and exponentiating
the denominators, which removes the subtraction term in
— PaPv8p— (@ © B))D3p(v, p- X), (I3)  the dispersion relation and exponentially suppresses the
contributions from unknown excited resonances. To ob-
tain a higher calculation accuracy, we calculated the NLO
gluon radiation correction corresponding to twist-(2,3)
distribution amplitude for D — P using the same method

(P(P)|C_]1(X)O'uv)’5'l(0)|0> = i(puxv - vay)

(P(P)Ig1 ()T 0¥585Gap(r)u(=2)10) = i f3p(PaPugi

(P(P)g1(x)Y.y58Gap(v)u(=x)|0) = p(paXp — PpXa)

NELI
p-Xx

+(Pp8ay — Pa8p) [P ¥ap(v, p - X), (14)  as that for the B—n process [50]. The one-lqop correc-
_ o~ tions may lead to amplitude divergence, which can be
P(PG1(x)yu18Gap(v¥)u(=2)|0) = pu(pap = PpXa) separated as UV divergence and infrared collinear diver-

gence. The UV divergence will be canceled by the mass

renormalization of heavy quark ¢ and the infrared collin-

L T ) ear divergence term can be absorbed by the evolution of

* (Pp8ay ~ Pa8y ) fp¥4p (v p ), (15) the wave function of the meson [51]. Thus, the LCSR for
where P stands for x, K-meson with ¢; =d,s quark, and the D — P HFFs is finally obtained:

X 2B pv.p )
p-Xx

e (! . . 1 2 = 1 =
PL(G) = ]{; = fo "= o[ -t 5910, 0) = Ot 50) W) + Bt 50 )
2 —_ 2 2
B so)>d>41p<u>] ﬁ[%(u So))¢2P(M)+( Oclu,50)) + = @(c(u ) P(u)]
my LI|
f3rr I3ﬂ(u) me a,Cr
S e Ll )+ DfDFm M2, 50), (16)
e | s oy ae? 1 2m? = 1 =
pr( qz)zél}_.% f T {Q+mc[5®(c(u,so))¢§;l,(u)—143—”;44@(0(14, SONWiarp(u) + —— (el 50))
2me @ Lmr g ® e+
X bap(u) + — 5O, 50)) 4P(u)] ﬁ (c(u, 50))2: P(u)+(— (e so)+ < 77
X B(c(ut 500 Jo o000 + [ Bt 50 ) + — @ et 50 rf+= i~
P 2M2 u(m, +my,) Vi
! 2_ 2 Q- mcf3p mzfp OZSCF m2 mz
(m3—s) /M _ ) c D p
Xfo due s um%fDI3’P(u) 22 fp (= 4P( )] i o 2 VA
2 —_—
x [ﬂ(qz,M% 50) + > (Fi(q*, M?, 50) = F1(¢*, M?, so»], (17)

mD—mP
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where P stands for x,K-meson and Q. = ¢+ (m2 —m3).
The short-hand notations introduced for the integrals over
three-particle DAs are

1
BI.p(u) = [fdalfdvd)3 pla) 0 =1—a—as ],
az=Wm—a)/v
dv
Iy.p(u) = {fdalf [2‘P4 pla;) — Dgp(a;)

(.»

+2¥4p(e;) - 64;1:(@,-)” wr=1—ai—a;

a3 =u—ay)/v
(13)
The NLO terms in Egs. (16) and (17) have the form
of the dispersion relation:

So

1 2 o 2
Fi(q*, M?,s0) = - f dse™ M ImF (g%, 5)

2
m?

1
_Ir f dsemr 9/ f QI (5. 0

FINTY (g, 5,000, + I (6 5.0065,00 ), (19)

where the expressions of the imaginary parts of the amp-
litudes can refer to the B — x process [51]. The NLO
amplitudes F (¢%,s,u) have the same expression as
TY’ ’”)(qz,s, u) — TEP ’”)(qz,s, u). At zero momentum trans-
fer, the additional relation 7 (0) = P} (0)holds, which can
be confirmed not only from the abovementioned HFFs
but also from Tables 3, 4 and Fig. 1.

3 Numerical analysis

In order to do the numerical calculations, we take the
D, K, and n-meson decay constants, fp=0.2037+
0.0047 £0.0006 GeV  [52], fx=0.1555GeV [53], and
fr=0.1304 GeV [53], respectively. The c-quark pole
mass m. = 1.28+0.03 GeV [54], the D, K, and n-meson
masses mp = 1.865 GeV, mg = 0.494 GeV, and
my = 0.140 GeV [54], respectively. The factorization scale
u is set as the typical momentum transfer of D — K(r),
L.e. UR = (m%) -m2)12 ~ 1.3 GeV [55].

3.1 Distribution amplitudes

With regard to the hadron input about LCDAs, we
will shortly discuss the twist-2,3,4 LCDAs. For the lead-
ing twist-2 LCDAs, we adopt a standard approach to do
the calculation, i.e. the conformal expansion [49]:

Gop(up®) = 6uit| 1+ ) alHCY*O],  (20)
n=1

where & =2u—1, pu is the factorization scale, the super-
script P represents the = and K-meson, and af is the
(non-perturbative) Gegenbauer moment, which is usually
up to the first two terms, af ,» accuracy due to the sup-
pression of large n physicai amplitudes of the Gegen-
bauer polynomials that oscillate rapidly.

The two-particle twist-3 and twist-4 LCDAs ¢4 ,(u),
¢5.p(W), Gap(u), Yap(u), and ®y4;.p(u) are defined as fol-
lows [56]:

¢h.p(u) =1+ (30775 ——p,,>0”2<o+( 35w}
27 .

81 1/2
~ 5P~ pn 2C ), (21)

1 7
5000 =6u(1 =S = S0k = 502 = 2D (D),

2
(22)
Bp(u) = -t f B, 23)
1 2 U
Yap(u) = ZmpA(M) = | é4p(v)dv, (24)
0
Oup;p(u) = f pa:p(v)dv. (25)
0
where
20 , ( I
Alw) = [ —52+203+3;74 ( =
17PP10)3/2 (11
6 27 T 7™ )G @O*(~ 55
4 32
xaf === ”) /(g)]+(——a§+21
><774w4)[2u3(10—15u+6u2)lnu+2u (10
— 150+ 6i) Ini + uii(2 + 13ua)], (26)
B(u) =1+ [1 + 17—8a§ +60n% + ?nf(] A
1/2
+| =50k~ 6w ]C4 ©). 27)

As for LO contributions, they do not mix under renormal-
ization in the QCD theory; thus, the scaling up to ur is
given by

ci(ur) = L7Peiuo), (28)
where L = a,(ur)/a;s(uo), Bo=11-2/3Ny, and the one-
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loop anomalous dimensions y,, are given in Table 1 [56].
Given the initial scale uo values of the hadronic paramet-
ers [56], employing the renormalization function Eq.
(28), one can obtain the corresponding values at the typ-
ical scale u = ujr; our results are listed in Table 2.

42.5 GeVZ.

After determining the LCSR parameters, we give the
changes in HFFs Pf, (¢)at large recoil point ¢* ~» Owith
changes in various input parameters in Table 3, where the
uncertainties are from the D-meson decay constant fp,
the c-quark pole mass m,, the Borel parameter M2, and

Table 1. One-loop anomalous dimensions of hadronic parameters in the continuum threshold sg. It shows that the main errors
DAs. of those HFFs arise from the LCDA parameters and the
2 ntl | effective threshold parameter so. Furthermore, the cent-
Yo Cr (l_m_m:z %) ral values of LO and NLO contributions for #{ (0) are
Yoy e 1c, shown in Table 4, in which the maximal NLO contribu-
3 g tions of #f. (0) are no more than 3%. This implies that
T 3Cr our HFFs maintain a high accuracy. Thus, it is reliable to
Yy BT, use these HFFs for analysis of the D — P decays.
10
You _ch + ?CA Table 3.  Uncertainties of the LCSR predictions on HFFs PO ,0)
caused by the errors in the input parameters.
Table 2.  Hadronic parameters for the m and K DAs, where Cv ADA Aso AM? A(me; fp)
o =1 GeV and g = 1.3 Gev. T T T AT
K w m n W m Lo omo  gm 4w 4w
ak 0.06(3) 0.06(3) a; 0 0
af 0.25(15) 0.25(15) a 0.25(15) 0.25(15) Table 4. The central value of D — P HFFs at the ¢> = 0 GeV? for
775 0.015 0.011 e 0015 0.011 LO and NLO contributions, respectively.
nk 0.6 0.542 A 10 9.037 640) P5:(0)
wf -3 —2879 &} -3 ~2.879 LO 0.757 0.675
Wk 02 0.166 Wt 0.2 0.166 NLO 0.023 0.013
Total 0.780 0.688

3.2 Fixing effective threshold s, and Borel parameter M

There are two “internal ” parameters for the HFFs.
One is the effective threshold parameter s¢, which is the
output of the continuum subtraction procedure. The
other is the Borel window M?, which comes from the
Borel transformation to sum rules to suppress the contri-
butions of the higher resonances and continuum state
[23]. For the former, we take the effective threshold
s0(Pf,) = 12(1) GeV? and so(P§,) =21(1) GeV>. For the
Borel window M2, we set the continuum contribution to
less than 25% of the total LCSR to obtain the upper limit
of M2, i.e.

f dsptot(s)e—S/MZ

So

f dsptot(s)e—S/MZ
"

As the stability of M? is an important requirement of
the sum rule calculation and the unified criteria, we will
adopt a stable Borel window M? to obtain the lower limit
of M?, i.e., the HFFs to be changed by less than 2% with-
in the Borel window. The determined Borel parameters
are Mz(Pg;[) =29.15+2.55GeV? and MX(PE) =151+

<25%. (29)

Theoretically, the LCSRs for D — P HFFs are applic-
able in low and intermediate ¢*-regions, qf gg max = M~
2m.E. Specifically, with the hadronic scale E ~ 500 MeV
[57], the ‘IECSR,max can be taken as 0.6 GeV?. The allow-
able physical range is 0<¢q” < g2, = (mp—mp)?, ie.
¢* €[0,3.01GeV? for D—n and ¢*€[0,1.88]GeV? for
D — K, respectively. Based on the analyticity and unitar-
ity properties of these HFFs, the extrapolation of these
HFFs to the whole physical ¢*-regions can be implemen-
ted via a rapidly converging series over the z(r)-expan-
sion [47]. Specifically, the extrapolation of the HFFs sat-
isfies the following parameterized formula:

K-1
0) k
Pl = B(r)¢P<r> 2% 0
1 K-1
Pi(1) = Daldm, (30

B(1) Vz(t,1) 7 (1) =4
where ¢F(f) = ¢0(t) = 1, Vz(t,1-) = VA/m? and

2(t) = N —t= N —lo (31)
Vi =i+ =1y

with . =(mpxmp)*> and =t.(1 - VI—1_/t3).
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B(t)=1-¢*/mg, is a simple pole corresponding to the
first resonance in the spectrum. The resonance masses of
quantum number J¥ are essential for the parameteriza-
tion of D — P HFFs P(, [54, 58], i.e.

Fingv JP=17, mR,i=2.OlOGeV,
Fi=Pf7 JP=0+, mR,[=2.OO7 GeV.

The parameters a; can be determined by constraining the

“quality” of fit A < 0.01, where A is defined as

S|P - PR )|
 XIPs@)

where 1€[0,0.06,---,0.54,0.6] GeV2. The determined
parameters «)” are listed in Table 5, in which all the in-
put parameters are set to their central values. We put the
extrapolated D — P HFFs P’ (¢?) in Fig. 1, where the
shaded band stands for the squared average of all the
mentioned uncertainties. All the HFFs increase with the
increase in the squared momentum transfer.

[l

(32)

3.3 The semi-leptonic decay processes of D-meson

The differential decay rate for the process involving
pseudoscalar mesons, D — P, is given by [59]

for the HFFs P?

0:00 where all the

Table 5. The fitted parameters a{)’.]_z

input parameters are set to their central values.

Pz Pr PK PK
ao 0.672 1.875 0.762 1.848
ai -0.354 0.708 -0.784 -19.217
a 2.607 —47.245 20.725 —50.443
A 0.00016 0.00022 0.00758 0.00000
dr . GAVP .
D Pev) = (1= 260217l 1+ 60
dg 24m°my,
212 2ol 22 L A0, 22
xmp| el P @] + =P @],
(33)

where 6, =m?/(2¢%), |p| is the three-momentum of the
pseudoscalar mesons in the D-meson rest frame, the
Fermi coupling constant Gp=1.166x107 GeV~2,
Vsl = 0.944, and |V,q4| = 0.2155 [60].

After introducing the resultant HFFs and other input
parameters into Eq. (33), we can obtain the differential
decay widths of D — P{v, in the entire kinematical range
of the squared momentum transfer, which is shown in
Fig. 2. The solid lines represent the center values and the
shaded bands correspond to their uncertainties. The BES-

8

~
T

W A~ N

5]
T

S R I L = T )

¢*[CeV?
Fig. 1. (color online) Extrapolated LCSR predictions for the D
of those from the mentioned error sources.

*[GeV?]
— n(K) HFFs P&t(qz), in which the shaded bands are squared average

4r 70 120
o Lattice { e Lattice - o Lattice
o o, OF < 100§
< 5 « BES — I1I < . « BES — 111 = = BES —1III
= i — LCSR (This Work) | = ! — LCSR (This Work) |~ 80[ — LCSR (This Work) ]
Y o af L
& 2r e <60
T T3¢ T
+ o 401
S 8 2f %
S S s = 20f
. . . . . = . . . . . 0
00 05 1.0 1.5 20 25 3.0 00 05 1.0 1.5 20 25 3.0 0.0 0.5 1.0 1.5
PGV 7*[GeV?) FlGeV?]
Fig. 2. (color online) LCSR predictions for the D — P decay width, the solid lines represent center values and the shaded bands cor-

respond to their uncertainties. The BES-III [15] results and lattice [61] results are also presented for comparison.
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III collaboration [15] and lattice [61] results are also
presented for comparison. Under the suppression of the
factor |3p| = VA/(2mp) in the decay width formula for the
D — Py, semilepton decay, the differential decay width
monotonously decreases with the increment of ¢>, which
is clearly illustrated in Fig. 2. More specifically, when
compared with the decreasing rate of differential decay
width for BES-III, our predictions are almost identical.
Hence, our results agree with the BES-III measurements
within error limits.

As a further step, the branching fractions of D —
P(*v, can be obtained by employing 7(D°) = 0.410(2) ps
and 7(D") = 1.040(7) ps and integrating with the squared
momentum transfer, the results are presented in Table 6.
The relevant experimental results, BES-III [15], CLEO-c
[8], PDG [54], Belle [7], BABAR [9], and theoretical res-
ults of the covariant quark model (CQM) [62] are also
presented for comparison. Our results on the branching
fractions for D — nf*v, and D — K{*v, are consistent
with the BES-III measurements within error limits. Com-
pared with the CQM theoretical predictions for the
D* — n%¢*v, channel, our results are closer to the experi-
mental results.

Furthermore, the ratios for branching fractions for dif-
ferent lepton channels are defined as, Rp=T(D —
Pu*v,)/T(D — Pe*v,). After inputting the D — P¢*v, de-
cay width into the above equation and replacing HFFs
with Egs. (16) and (17), we can get ratios of semileptonic
fractions as follows:

B Dt — 7ro,u+v,,)

R — — 0 1+0.230
™ T T(D* = 1Oetv,) P9 g7
O —
o (D" — 7y, — 0.992+0231
T > aety,) o O®
o0
T =Ky 0.987+0-156
B = i o0,y - 070 0138
I'(D* — KY%ty,)
(D’ — Kty
Ry = D2 2KV gggeniss (34

- (D% — K~e*v,)

Table 6.

present the prediction of various methods.

The above ratios from our calculations are consistent
with the CQM prediction R = 0.97 [62], which is very
closeto 1.

Moreover, the obtained HFFs can be used to calcu-
late the forward-backward asymmetry Apg(g?), which
can be expressed as follows:

36¢P (P ()
(1 +5€)|Pg(6]2)|2 +3IPP (PP

A (@) = (35)
Further, the lepton side convexity parameter C%(¢%) can
be written as:
‘0 3 (1=-260)1P) (¢*)?
Cr@g)=-3 : (36)
2(1+60IPF (PP +36(1PF (g

After inputting the HFFs into Egs. (35) and (36), we
present the forward-backward asymmetry and the lepton
convexity parameter within uncertainties in Fig. 3. Fi-
nally, we list the mean values for forward-backward
asymmetry (AL, )and lepton convexity parameter (CY.) in
Table 7. It is seen that for both D — #tv, and D — K{v,
decay transitions, (Apy)is approximately 10° times lar-
ger than (AL), while (C}.) is slightly larger than (C%).
For D — Ptv,, our predictions are different from the
CQM results [62]. Considering that the formulas in Egs.
(35) and (36) refer to HFFs, these differences may
provide a way to test those HFFs in future experiments.

4 Summary

In this study, we investigated the D — P HFFs P2(¢%)
with o = 0,7 within the LCSR approach up to NLO gluon
radiation correction for twist-2 contributions accuracy. At
large recoil point ¢~ 0GeV?, we have Pro(0) =
0.68870030and K (0) = 0.780*((% . The detailed uncer-
tainties of these predictions caused by the errors in the in-
put parameters are given in Table 3. Then, contributions
of the LO and NLO to the LCSR results are given in Ta-

ble 4, and the maximal contribution of NLO for P{; [(0) is

Branching fractions of D — P£*v, (in unit 1072). The errors are squared averages of all the mentioned error sources. For comparison, we also

Channel LCSR(This Work) BES-III [15] CLEO-c [8] BABAR [9] Belle [7] PDG [54] CQM [62]
Dt — Kty, 8.547+04% 8.60(6)(15) 8.83(10)(20) - - - 8.84
Dt — K%y, 843570437 8.72(7)(18) - - - - 8.60
D — %y, 0.328+0:0% 0.36(8)(5) 0.405(16)(9) - - - 0.309
Dt = n%u*v, 0.325+0:0%6 - - - - - 0.303
D’ - K e*v, 33709176 3.505(14)(33) 3.50(3)(4) - 3.45(7)(20) 3.538(33) 3.46
DY — Kty 33257073 3.505(14)(33) - - - 3.33(13) 3.36
DY - nety, 0.258+0:0% 0.295(4)(3) 0.288(8)(3) 0.277(7)(9) 0.255(19)(16) - 0.239
DO - 7ty 0.256*0:03 - - - - 0.238(24) 0.235

113103-7



Chinese Physics C  Vol. 44, No. 11 (2020) 113103

0 0.00F —1.49980
-1 D— ”‘i‘f ______________ D — 'ty b _1.49985F D — me "1, D'y,
z 2 /7 g . —0.05p ot —1.49990 -0.5p
x / = 7 o e
< -3t = / = —1.49995 = \ B
= | = —o0.10f | SO N ——— E Y
< -4t ! —1.50000 - gl
| | "
st | ~1.50005
| ~0.15}] -~ 1.5
et H ~1.50010
00 05 10 15 20 25 00 05 10 15 20 25 00 05 1.0 15 20 25 00 05 10 15 20 25
¢[GeV?) GV GV ¢*[Gev?)
0 0.00 —1.49980 T
- D — Ke'w, D — Ku'v, D — Ke'u, D — Kpu'u,
~1.49985 /
= D | — -0.5}
2 e — —1.49990 4 2
— i S R \
o T3S = = \ &
= f 15 ~1.49995 S SRURN -
S N M
G ~1.50000f 77T
= ~15}
gt . -1.50005 . . .
0.0 05 1.0 05 1.0 15 0.0 0.5 1.0 L5 0.0 05 10 L5
GV ¢*[GeV?) ¢*[GeV? FlGaV?
Fig. 3. (color online) Forward-backward asymmetries and the convexity parameters of the decays D — n¢*v, and D — K¢*v, with
¢ = e,u; the shaded bands correspond to the uncertainties from the theoretical input parameters.
Table 7. Forward-backward asymmetry and lepton convexity parameter. The errors are squared averages from all the mentioned error sources.
Channel (ﬂI{;B)(This work) (C‘;) (This work) <*ﬂ1€B> (CQM) [62] (Cf,) (CQM) [62]
+0.947 -6 +0.000 _
D — netv, (—4.82771‘247) x 10 —4.425%5 000 —4.1x1076 -15
+ _ +0.013 _ +0.396
D -ty 0.155+0013 3.303+03% -0.04 -137
0316 -6 0.000 —
D — Ketv, (=4.56417510)x 10 277555000 —4.27%107° -15
+ _ +0.003 _ +0.063 _ _
D — Ku*v, 0.123+0003 1.8660.963 0.058 132

no more than 3%. These results indicate that the HFFs
maintain a high-accuracy and our predictions, which are
based on it, are credible.

After extrapolating the D — P HFFs to the whole
physical ¢>-region, the behavior of these HFFs within un-
certainties was depicted in Fig 1. Furthermore, we ap-
plied these HFFs to study the semilepton decay processes
D — Plv,. For the decay width in Fig. 2, our results
agreed with the BES-III collaboration within error limits,
especially in the low ¢ regions. Using the D-meson life-
time, we obtained the two types of branching ratios and
listed them in Table 6. Our predictions are in good agree-
ment with the BES-III and other experimental results,
providing a better prediction of the D — nfv, decay pro-
cess than that of the CQM [62]. Meanwhile, we listed the
ratios of branching fractions with different lepton chan-

nels Rp in Eq. (34), which showed that Rz, = Rg- and all

values of these ratios are close to 1.
As a further step, by taking the D — P HFFs into the

forward-backward asymmetry AL (%) and the lepton
convexity parameter C%(q?), we plot these two observ-
ables in Fig. 3. Meanwhile, the mean values for the for-
ward-backward asymmetry (AL;) and lepton convexity
parameter (Cf;) are listed in Table 7. The table shows that
(As) are approximately 10° times larger than (AZ,).
There is a considerable difference between our result and
the CQM for both (AL,) and (C%) for the D — Py, de-
cay. This discrepancy may provide a way to test those
HFFs in future experiments.

We are grateful to Prof. Xing-Gang Wu and Tao
Zhong for many helpful discussions and suggestions.
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