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Abstract: In this paper, we calculate the B, — J/i helicity form factors (HFFs) up to twist-4 accuracy by using the
light-cone sum rules (LCSR) approach. After extrapolating those HFFs to the physically allowable ¢ region, we in-
vestigate the B} -meson two-body decays and semi-leptonic decays B} — J/y+(P,V,{"v¢), where P/V stand for
light pseudoscalar and vector mesons, respectively. The branching fractions can be derived using the CKM matrix

element and the B, lifetime from the Particle Data Group, and we obtain B(B} — J/yn*) = (0. 136’:8:88%)%, B(B} —

JIWK*) = (0.01050990%,  B(BE — J/yp*) = (0.768*303)%,  B(BF — J/WK™) = (0.043*0001)%, BB} —
T/t vy) = (2.80210328)% and B(BY — J/yr*ve) = (0.559%0131)%. We then obtain R+ /sy, = 0.048700% and
R+ jnt = 0.075’:8:882, which agree with the LHCb measured value within lo-error. We also obtain
Ry = 0.199t8:8$(7), which like other theoretical predictions, is consistent with the LHCb measured value within 20--

error. These imply that the HFFs under the LCSR approach are also applicable to the B meson two-body decays
and semi-leptonic decays B} — J/y+(P,V,{"v;), and the HFFs obtained using LCSR in a new way implies that
there may be new physics in the B, — J/y¢* v, semi-leptonic decays.
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I. INTRODUCTION

The B.-meson that consists of two different heavy
quarks was first observed by the CDF collaboration [1] in
1998. Since then, the properties of the B.-meson have
been studied extensively, cf. the reviews [2-4]. Its related
decay processes can provide good platforms not only to
understand non-perturbation interactions by fixing the
CKM-matrix elements, but also to further searches for
new physics beyond the standard model. In recent years,
many ratios of different branching fraction associated
with B, — J/y have been measured by the LHCb collab-
oration, such as Ry, = B(BF — J/yn*)/B(B; —
J/yutv,) =0.0469 £ 0.0028(stat.) £0.0046(syst.) [5], Rk-/x
= B(B} - J/YyK*)/B(Bf — J/ynt) =0.069 £0.019(stat.)+

0.005(syst.) [6], which is updated to Rg+/r- =0.079+
0.007(stat.) £ 0.003(syst.)  [7], and Ry = BB —
JIpttv) [ BB — J/yutv,) = 0.71 £0.17(stat.) +0.18(syst.)
[8], where "stat." is the statistical error and "syst." is the
systematic error.

Many theoretical studies on those decay channels
have been published in the literature. For the branching
ratio Ry, theoretical predictions of Refs. [9-11] agree
with the measured value of Ref. [5] within 2¢--error, and
the predictions of Refs. [12,13] are within lo-error. For
the branching ratio Rg- /-, the predictions of Refs. [9,11-
14] agree with the latest LHCb measurement [7] within
lo-error. For the branching ratio R;,, the predictions of
Refs. [11,14-16] agree with LHCb measured value [§]
within 2¢-error. The key components and main error
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sources of those decays are B.— J/y transition form
factors (TFFs), which have been studied under various
approaches, such as the relativistic model (RM) [9], the
light-front constituent quark model (LFQM) [10], the co-
variant confined quark model (CCQM) [11], the Bethe-
Salpeter model (BSM) [17], the Bethe-Salpeter relativist-
ic quark model (BS RQM) [12], the relativistic quasi-po-
tential Schrodinger model (RQM) [13], perturbation
Quantum Chromodynamics (pQCD) [14], the light-cone
sum rule (LCSR) [15], Quantum Chromodynamics sum
rules (QCDSR) [16], and the covariant light-front con-
stituent quark model (CLFQM) [18], etc. There still ex-
ists a large discrepancy between different approaches,
which attract theorists to inquire further.

In the present paper, we shall study the B.— J/y
helicity form factors (HFFs) instead of traditional TFFs
by applying the LCSR approach. The main difference
between the two methods is the method of decomposi-
tion. The y-structures of the hadronic matrix elements can
be decomposed into Lorentz-invariant structures by us-
ing covariant decomposition for the TFFs decomposition
method, while a new combination of Lorentz-invariant
structures are obtained by using the polarization vectors
of the off-shell W-Boson for the HFFs decomposition
method. The use of HFFs has some advantages in com-
parison to the usual treatment of TFF [19-25]: I) The di-
agonalized unitarity relations will lead to the dispersion
bounds that will be represented specifically by constrain-
ing the coefficients in the series expansion (SE) or simpli-
fied series expansion (SSE) parameterization; II) The po-
larized decay widths of a meson transition to a vector
meson can be well studied by using the HFFs; III) As the
helicity amplitude has a definite spin-parity quantum
number, the helicity amplitude is convenient to consider
the contribution from the excited state of meson in the
transition process. After calculating the B. — J/¢ HFFs
within the LCSR, we shall extend them into the allow-
able physical region and then investigate the properties of
B — J/y+ (P, V,"v,) decays.

The remaining parts of the paper are organized as fol-
lows. In Sec. II, we present the calculation technology of
the B.— J/¥ HFFs and the branching fractions for
B — J/y + (P, V,*v,) decays. In Sec. 111, we give the nu-
merical results and discussions. Section IV is reserved for
a summary.

II. THEORETICAL FRAMEWORK

The B/ -meson two-body decays B} — J/y +(P,V) are
achieved predominantly via a b — ¢ug transition, which
can be expressed as the corresponding hadron matrix ele-
ment (J/y+ P(V)|O|B}). Here, the non-factoring effect is
mainly the exchange of hard gluons, so the contribution
of this part can be dealt with by perturbation theory. Con-
sidering the heavy quark limit, the hadron matrix ele-

ment under the leading order approximation of @, can be
expressed by the simple factorization formula. The cor-
responding transition amplitudes can be expressed as fol-
lows:

. GFVchVJq _ -
ﬂ(Bc—U/l//P):Ta1<PIq7“75u|0><J/ll/|J,1IBC>, (1)
N GrVaViy .
AB; - J[YyV)= N ar(VIgy"ul0){J/¥ljulBr),  (2)

where (P|gy*ysul0) = —ifpg" with P being a pseudoscalar
meson n* or K*, (V|gy*ul0) = my fve, with V bing a vec-
tor meson p* or K**, and the hadronic matrix elements
(J/¥ljuBYy with j, =&y,(1-y°)b can be projected as the
HFFs HZ 7 (g?), see Eq. (6). The a; = C,+£C, with
&=1/N., [26]. Thus, the decay widths of B! —
JIy+(@PV) in terms of the amplitudes A(BS —
J/y+(P,V)) are given by

[(BY — J/y+(P,V))

_Ip2llABE — T/ + (P, V)P

2
8mm B

G2 |p| Am2yy)

2 *Y) :
- R |Veo Viyar fievymee)|
m(RV)

8 Z (HP =" ) (3)

- 2
16m B,

where the fermi constant G = 1.166x 107> GeV~2 [27],
the momentum of the off-shell W-boson in the B, rest
frame is |p2|:/11/2/(2m%() with the usual phase-space
factor A= (m%s,+m3/¢_m(212v>)2_4m23(m3/¢' fievy and
mpyy are the decay constants and mass. For a pseudo-
scalar meson P =n"(K"), thus ¢ =d(s) and i =1, while,
for a vector meson V =p*(K**), then g=d(s) and
i=(0,1,2). The corresponding mass and decay constant
are listed in Table 1.

The amplitudes of B;-meson semi-leptonic decays
B} — J/y*v, can be factored into

Table 1. The mass and decay constants of (P,V)-mesons in
the B.-meson two body decay.
Mass Decay constant
* 0.140 GeV [28] 0.1304 GeV [29]
K+ 0.494 GeV [28] 0.1562 GeV [30]
p* 0.775 GeV [28] 0.2210 GeV [11]
K** 0.892 GeV [28] 0.2268 GeV [11]
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AB; = J/yttve) = «/5 ZEZL et (U= Wil BE). (4)

After completing the square of the sime-leptonic de-
cay amplitude [31], the corresponding decay widths in
terms of the HFFs 7{5'_”/ Y(g?) can be written as

:G2F|V6b|2 fq dq2(1 B m_?)z
12(2r)3 q*

x,{@ ( z_qu) 021:2(7.{3 HJ/t/r( 2))2

(B} — J/yltvy)

2
mg

3’"? B—sJ/yr, 232
+ 5 CH ) ] )

where ¢ stands for the lepton u or 7, the range of integra-
tion is from 2. =m? to qh,, = (mp —myp)*.

Then, the key component of the decay width of
B.— J/y transitions are the HFFs H27/(42) with
o =(0,1,2,1) defined in term of the hadronic matrix ele-
ments as follows:

B.—Jy, 2y _ q2 e
Hy e = PA0)

a=0,+,t

X (J [, £a (k)Y (1 =y )bIBe(p)),  (6)

where &,(k) with momentum & = (k°,0,0,/k|) are J/y-
meson longitudinal (e =0) and transverse (+) polariza-
tion vectors, &,(q) with transfer ~momentum
q=1(q",0,0,-|7]) are the polarization vectors of the off-
shell W-boson, and o =(0,1,2,r). These momenta satisfy
the relationship ¢ = (p—k). HFFs is a novel decomposi-
tion method that multiplies the polarization vectors of the
off-shell W-Boson (&,(¢)) by the hadronic matrix ele-
ment. Compared with TFFs, this factor refactorizes the
hadron element by covariant decomposition instead of by
the polarization vectors of the off-shell #-Boson (&,(q)).
It can be proved that HFFs under this new decomposition
method have Lorentzian-invariant property as well as
TFFs. A simple proof can also be made directly from the
expression of HFFs, since HFFs are composed of TFFs,
and TFFs have Lorentzian-invariant properties, HFFs also
have Lorentzian invariant properties. In conclusion, HFFs
is a decomposition method as effective as the TFFs meth-
od.

Further, it can be found that the helicity amplitude
consists of a single TFF or multiple TFFs mixed in the
TFFs [15], while the helicity amplitude corresponds to
HFFs in HFFs, and it can be computed directly in LCSR.

The calculated procedure of the B.— J/y HFFs
HE 71 (42) under the LCSR approach is the same as that
in Refs. [24,25]. We thus will directly give the LCSR res-
ults of B, — J/y HFFs as follows:

! myf3,Q Amym f —~
B.—J[W, 2N _ (m2, —s)/M> JI b Myly JJly
(Ho (q )—f due'™= W{ZS®(C(M, So))¢ij/¢(u)—W O(c(u, 50))
~ A
f vl 1, )+ 13, | @Ot 50) - —®(c(u SOy 00 + g fo| s

R =
X O(c(u, 50)) f dv¢3l;JN/(u) +QO(c(u, SO))¢§_;J/¢(M)] + mi/wS[W(B(c(u, 50)) —

AS
X@(C(M So))]¢4 J/¢(u) [ 3M4

) f v 95000+ sy i | =

X J 1 (1t) —mﬁ/w[ O(c(u, 50)) +(

1 L \24q2
WBL.—J/W(qZ) :f due(m;,—s)/Mz mbfj/w 261
! 0 2m3, fs,

M1 11y =

X O(c(u, So))]¢ij/¢(“) 2 M2

V2q* my f3;,

I
HIW () = f du e =M
: 0 2NVam3, f3,

R A
BM?2 2uM?Q
{@(C(M 50)) ¢ (W) + ml/w [

Oclu, 50 ),

2M2

e, 50)) — iy " i Bt son o - mim

®(C(u 50)) + ®(C(u 50))

6<c<u,so)>]H3(u>}, )

@(C (I/l SO)) + W

®)

[P Ot 500) 94,1400+ 2153, OCctit50) 0, )
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+ mwso[ O(cu, 50)) + ——

3M4 2M2

[3®(C(u SO+ = 2R

1
X 2_M2®(C(u’ So))JJ/w(u)},

! s M Mgy £
7{,3"_)1/1//(612) :f du etmi—om LI

2m g fp,

f dvcbz (W) = (g fr —mypg) [®(C(u, s+ ———
~ Q ~
X O(c(t, 50)) 85,11y (W) + 1m0 fojy 5 Ol 50)) fo v 6,00 3 | s
3 = ;: Q= .
Bt 50) [ 1) + 3 gy Ol 50) fo dv ey (1) =mypy

~ 3
X B(cu, 50) + 3 Oc(u, so»] Hy(u) - mw[

my f11y [ 2 [ J/l//

X Octu,so) [1uu + 251 =

where
T =10 1 fige P =my +ém,, —q

I =Tyl iy B, Jw 4

2 2 2

Q=my —mj,, —q",

S =2m? /w(umé

R= umé - uﬁm?w +iig?
—um3,, +(1-i)g”),
T =2mi [—uém3,, +q* (1 +u-+uid)] +ué(my +mj,,)

—2¢7(1 +wyim3,, — g* (2 +u)

and s—[mb—ﬁ(q umj/w)]/u with u—l—u E=2u—1.

The O(c(u, s0)), Olc(u, s0)1, Oc(u, s0)] and ®(c(u so)] are

the step function. The simplified distribution functions
H3(u), Ir(u) and Jj;,(u) can be written as

Hi(u) = f k-0, 0],
1
I (u) = f dv f dw ¢3 1/¢(W)‘§¢f;f/w(w)
_'ﬁij/w(w)],

Jipy(u) = f dvf dW ‘l’4 J/.p(w)+¢2 ]/l//(w)
=203, W)]. (11)

A more detailed calculation be found in our previous
work [24,25]. Since we used a usual current in the calcu-
lation, the HFFs will include all the Twist-2,-3,-4 light-
cone distribution amplitudes (LCDAs), see subsection

O(c(u, s9)) +

2

2m
O(c(u, SO))]¢4 s+ ——= 7 M2 £ PO(c(u, s0) (1) — m’ T

®(C(u 50)) [H3(u) = 2mym yy f170O(c(u, 50)) 3. () — 2mb’"j/¢,f]/l//

©)
Q
{1100 50)8%, 10 = . =5 Bt s0)
uQ+ .
e B SO 100 = o
R
00 50)
2uM?
9Q - 2um3,, + 15¢° _
= Ol s0) + —r
0,50 [T ), (10)

[
III.A, which will maintain the accuracy of LCSR to a

large extent.

III. NUMERICAL RESULTS AND DISCUSSION

While performing the numerical calculations, we take
the mass of B.- and J/y-meson as mp = 6.2749 GeV and
myy =3.097 GeV  [28], B.-meson decay constant
fB.=0.498£0.014 GeV [32], J/y-meson decay constant
ff/w =0.410£0.014 GeV  and fJ”/l// =0.416+0.005 GeV
[33,34]. The CKM-matrix elements will set its central
values, i.e., |Vep| =0.0405, |V,4| =0.974 and |V, = 0.225
[35]. For the factorization scale x, we will fix it as the
typical momentum transfer of B.— J/y [36], i.e.,

~ (m%{ —mi)l/2 ~4.68 GeV.

A. J/y-meson LCDAs and B, — J/y HFFs
An important part in the LCSR B, — J/y HFFs is the
J/y-meson LCDAs. For the leading twist DAs
¢ sy 61, we will take the Wu-Huang (WH) model to
carry out our analysis. Its definition is as follows [34]:

A
Pruapuel) == 35

me
e

X=(1-x), the c-quark mass is taken as

V343, e, Vak { I e
2
Iy (B, Vx5

—Erf

where 1= (L,]]),
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M. = 1.5GeV, and the error function Erf(x) =2 fox e ’dt/
V. The remaining model parameters Aj, and jj,, can
be fixed by employing the normalization condition, i.e.,
f qﬁg; 5 l{/(x, wdx =1, and the second Gegenbauer moment
a1, (1) = =0.379+0.020 and a3, (uo) = —0.373*00%%
[37] that are related to the leading-twist DAs, i.e.,

1
Jo dxga (x, WC*(2x-1)
) 6xx[C3?@x-DP

a1y W) = (13)

The final model parameters are listed in Table 2. Note
that the model parameters at arbitrary scale can be ob-
tained by running the scale dependence of the Gegen-
bauer moments [38].

For the J/y-meson twist-3 LCDAs, we will relate it
to leading-twist DAs by employing the Wandzura-Wil-
czek approximation [39,40]. The specific relationships
are as follows:

lﬁé_;j/l/,(u) =2

. f By i f : dv¢g;1/w(v) ]
0 v u v
1 [ f” ¢2 J/¢(V) fl ¢2 J/¢(V)]
0 v u 1%

¢3L ]/w(u) = E
¢y (V) U by,
lﬁw/.//(u): [ fdv ”Cp +ufdv—2’Jiw ],

(V) Lok )
¢31/¢<u>=(1—2u>[f0 T s

(14)

where #=(1-u) and v=(1-v). For the J/y-meson
twist-4 LCDAs, as its contributions are usually small in
comparison to that of the twist-2,-3, we shall ignore
charm-quark mass effect of the twist-4 LCDAs [41] to do
our analysis.

As for the continuum threshold sy of the B. — J/y
HFFs H B.—Ji ‘/’(qz), it can usually be set near the squared
mass of B.-meson's first excited state or the wvalue
between B.-meson ground state and higher mass contri-
butions. We will fix it as sy, =45.0(0.5) GeV>. In con-
trast, to obtain the Borel windows of the B, — J/y HFFs,
we require the continuum contribution should be less than

Table 2. The determined model parameters of leading twist

LCDA with 4 = 1.2 GeV.

dyy o) A, B ay (o) Ay, B
-0.379 3818 0.536 -0.373 3010 0.548
-0.359 1841 0.579 -0.353 1510 0.592
—0.400 9341 0.493 -0.394 6988 0.506

65% of the total LCSR. Thus, the final Borel windows
M2 (GeVz) are M2 =71.0(1.0), M;] =72.0(1.0),
=8.5(1.0), and M7, = 180.0(1.0).

Compared with the TFFs decomposition method, for
a single TFFs composed of helicity amplitude, the values
of so and M? of the two methods have no affect on the
helicity amplitude. However, for a mixture of multiple
TFFs composed of helicity amplitude, the value of sy and
M? of different TFFs is usually different, therefore, there
will be a difference in the helicity amplitude obtained by
the two methods, which will affect the following theoret-
ical prediction.

Since the reliable region of the LCSR is in the lower
and intermediate g”-region, we can take it as 0< g’ <
7 csRmax =9 GeV? for the B, — J/y decay, and the al-
lowable physical range of the momentum transfer is
0< CI < qB Hj/w max with C] < qB —J /i, max (mB _ml/l//)
10.10 GeV?. Therefore, the HFFs obtained by LCSR need
to be extended into full allowable physical ranges, so that
the B.-meson decays can be studied further. Here, we
will adopt the SSE method [19,42] to perform the extra-
polation due to the analyticity and unitarity consideration.
The extrapolated formulas of the B.— J/¢ HFFs
7{5‘*]/ Y(g*) can be expressed as

Kich Bo(f)\/Z(L%¢¥A(t) k;,zagzk’ (1)
H(1) = %k;ﬁzﬁ (16)
Hir) = Bz(t)\/iz—i—i’)(;)&f‘(t) k=02,2aiZk, (17)
H (1) = mk;{zaizk, (18)

The mass

\/q_z/mB,,
2() = (Vty —t— Nty —1o)/

. = (mB(, + mj/w)z and

where Bi(1)=1-¢*/m? with i=(0,1,2,1).
mo 12, are in Table 3, ¢¥"LA(t) =1, V=2(1,0) =
ezt i) = \/rqz)/m%(, and
(Vty—t+ Vi, —1)  with
Io = t+(1 - N _t—/t+)

To fix the parameters ak ,
fit (A) to be less than 1%, i.e.,

we will take the "quality" of

DUHET M 0= H )

Ao 1 ST % 100%, (19)
t

,4.5,5.01 GeV?. The determined para-

where ¢t €[0,0.5,---

053103-5



Wei Cheng, Yi Zhang, Long Zeng et al.

Chin. Phys. C 46, 053103 (2022)

Table 3.
ances and the parametrization of HFFs .

Relations between the mass of low-lying B, reson-

Transition JP mg,; (GeV) Hi(g?)
0" 6.28 Hit(g?)

b—c 1- 6.34 Hit(g?)
1+ 6.75 Hyo(4)

meters af are listed in Table 4, in which all the input
parameters are set to be their central values. With the ex-
trapolated Egs. (15)-(18) and the fitted parameters ay , we
show the extrapolated HFFs H2 7" (4?) in whole ¢-re-
gions in Fig. 1, where the shaded band stands for the
squared average of all the mentioned uncertainties. Same
as our previous study on pseudoscalar meson decay to
vector meson, such as B—p [24] and D — V [25], the
transverse part of the final meson does not contribute to
HFFs at the large recoil point ¢*> =0. Specifically, we
have HP~'(0)= 09157092, HP771(0) = 0.64470913,
and 7-{5 '2_”/ Y(0) = 0, where the errors are from the J/-
meson decay constant fj,,, the J/y-meson LCDAs, the
Borel parameter M2, and the continuum threshold sy. All
the HFFs 7—(5‘_)1/ V() monotonically increase with the

increment of ¢°.

Table 4.  The fitted results of the parameters af and A for
the HFFs H2<~’¥ where we take all input parameters as their
central values.

7_{(1)3(%!/10((12) (H]Bcﬂl/w(qz) «chﬂJ/w(qz) 7_{th—>l/w(q2)
agy 0.471 0.507 2.819 0.662
al 13.409 —6.746 -53.780 -0.428
A 0.927 0.917 0.991 0.992

B. The two body decays Bf — J/y+(P,V)
After setting all the input parameters and getting the
extrapolated B, — J/¢ HFFs, we can now analyze the B,-
meson decays numerically. For the B.-meson two-body

decay B} — J/y+(P,V),its decay width can be calcu-
lated by employing the Eq. (3). We list our results in
Table 5. As a comparison, RM [9], CCQM [11], BS
RQM [12] and RQM [13] predictions are also shown.
After further taking into account the B.-meson lifetime
75" =(0.507£0.009) ps from the Particle Data Group
[26], we can get the corresponding branching fractions
that are listed in Table 6. In order to compare with the ex-
periments, we calculate the branching ratio R+ /-, which
is given by

_ B(B! - JJYK*)

T BB - Jynt)’ (20)

RK* e

The numerical results are listed in Table 7. Although
our results related to the two-body decay width in Table 5
and branching fractions in Table 6 are larger than that of
other theories, our results Rk~ are consistent with the
latest LHCb experiment results within the 1o-errors. For
a more intuitive comparison, we show R/~ in Fig. 2.

C. The semi-leptonic decays B} — J/y{* v,

With the B} — J/y¢*v, semi-leptonic decays Eq. (5)
and B, lifetime, we can calculate the branching fractions
of the semi-leptonic decays B} — J/y{*v, that are listed
in Table 8. For comparison, we also present other theoret-
ical predictions, i.e., RM [9], CCQM [11], BS RQM [12],
RQM [13], pQCD [14], LCSR [15], and QCD-SR [16].
We find that all the theoretical branching fraction predic-
tions of the u-lepton decay channel are greater than those
of the 7-lepton decay channel. That may be caused by the
small mass of u-lepton. To illustrate this effect more
clearly, we have shown the differential decay width in
Fig. 3, where the solid and shade bands correspond to
their central values and the uncertainties respectively. In
addition, we can see that even though they were drawn by
applying the same formula; however, for ¢* ~ ¢2. , the u-
and z-lepton decay channels are significantly different,
and there is an obvious sharp increase for the u-lepton de-
cay channel, which results in the branching fraction of the
4 decay channel being significantly larger than that of the
7 decay channel.

1oF 0.4

= <03

B~/

i = 02

0.1

0.9

0.0
0 2 1 G B 10 0

¢* [GeV?]

2 14 6 8
¢* [GeV?

Fig. 1.

) . . | ]
0 2 4 6 8 10 0 2 1 6 8 10
7 [GeV?] ¢ [GeV?

(color online) The extrapolated HFFs HE=I1Y (42) as a function of ¢?, in which the solid lines represent the center values and

the shaded bands stand for the uncertainties that are the square of all mentioned error sources.
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Table 5. Decay width of the two body decays B} — J/y+
(P,V) in units a2 x 10715 GeV.

B - Jlyrn*t Bl — J/yp* B} - J/yK* B! — JIYK**

This work ~ 1.642*0082  9.251#0560 0,123+0006  0.524+0.035
RM [9] 1.22 3.48 0.09 0.20
RQM [13] 0.67 1.8 0.05 0.11
CCQM[I1]  1.22+024 203041 0.09:0.02  0.13+0.03
BSRQM[12] 124+0.11  3.59*0%  0.095+0.008 0.226+0.03
Table 6. Branching fractions (in unit of %) of the two body

decays B/ — J/y +(P,V) decays obtained with a; = 1.038.

Bf - Jlynt Bf > J/yp* Bi - JIYK* Bf - J/yK**

0.002 0.029 0.000 0.001
0.1 36t0‘002 0'768t0A033 O‘OlotOAOOO 0'043t0.001

CCQM [11] 0.101£0.02 0.334+0.067 0.008+0.002 0.019+0.004

This work

Table 7.
where the errors are the squared average of various input para-
meters.

The branching ratios Rp+ /v, Rt/ and Ry

Rt Jutv, Ric+ e+ Rity
This work 0.048+0:009 0.075+5:003 0.199+0:099
LHCb [5] 0.047 +£0.005
LHCb [6] 0.069+0.019
LHCb [7] 0.079 +0.008
LHCb [8] 0.71+0.25

RM [9] 0.0525 0.074
LFQM [10] 0.058 0.075
CCQM [11] 0.061+0.012  0.076+0.015 0.24+0.05

BS RQM [12] 0.064+0:907 0.072+0018

RQM [13] 0.050 0.077

pQCD [14] 0.29

LCSR [15] 0.23+0.01
QCD-SR [16] 0.25+0.01
CLFQM [18] 0.248 +0.006

pQCD [43] 0.26
NRQCD [44] 0.075

Considering that R;; and Ry, were measured by
LHCb experiment, their definitions are as follows:

B(B! — J/ythvy)
BB — Jyutvy)’

R = (21)

_ B(B; — J/yn*)
BB - Iyt

Re fu, (22)

We collect our results in Table 7 by using these for-

- + LHCH'13
_— = LHCb'16
A A RM
v v LFQM
. * RQM
o o NRQCD
BS RQM
—— cCcQM
—_— v This Work
0.04 0.06 0.08 0.10 0.12
RI(+/7r+
Fig. 2. (color online) LCSR prediction for the branching ra-
ti0 Ryt jrt
Table 8. Branching fractions (in unit of %) of the B} -meson

semileptonic decays with uncertainties. Other theoretical pre-
dictions are also listed here to make a comparison.

BY — J/yutvy, Bf = J/yttv,

This work 2.802%0228 0.559*0-130
RM [9] 2.01
CCQM [11] 1.67+0.33 0.40+0.08
BSM [17] 2.33
BSRQM [12] 173
RQM [13] 1.67+0.33 1.23
pQCD [14] 1.01 0.29
LCSR [15] 2.24%037 0.5370:1
QCD-SR [16] 1.93703% 0.49*910

mula. For comparison, the predictions of LHCb [5], LH-
Cb [7], LHCb [8], RM [9], LFQM [10], CCQM [11],
BSM [17], BS RQM [12], RQM [13], pQCD [14], LCSR
[15], QCD-SR [16], and CLFQM [18] are also shown.
For convenience, we have shown it in Fig. 4. For Ry /ey,
all theoretical predictions are consistent with the LHCb
experimental value [5] within the 2¢--errors. For Ry, all
theoretical predictions are less than the measured value of
the LHCb experiment [8]. In addition, our predictions of
Rz iy, and R+ are also consistent with other theories,
which also shows that the HFFs method is an effective
method for predictions. Therefore, this is a new, com-
plete, and effective method for calculating the decay of
B, mesons. Using this method to calculate the R;, ratio
in SM is also useful.

IV. SUMMARY
In this study, we have investigated the B. — J/y
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o

dT/dg? x (1071 Gev 1)

¢ [GeV?)
Fig. 3.

dU/dg® x (1071 GeV 1)

201 1
151 1
1.0r 1
0.5 1
0.0f 1
T S S R R R
4 5 6 7 8 9 10
¢* [GeV?]

(color online) The differential decay width of the semileptonic B} — J/y¢*v, decays with ¢=y for left and ¢=r for right,

where the solid and shade bands correspond to their central values and the uncertainties respectively.

T T T T T T T TrorrrTrTTT T T T T
— = LHCb'14
—————+———— & LHCbHIS8
A 4 RM
v v LFQM
—— = COQM
. + RQM
A 4 pQCD — BS RQM
_— CCQM
——t v This Work
—_— o This Work
AN S S T S T S S S S S S SO SN SO SO S SN S SO S SN S S I S S S S S S IS S S I S S S T S SO S S S S S S
0.2 0.4 0.6 0.8 1.0 1.2 14 003 004 005 006 007 008 009 010
Ry Rt jutv,
Fig. 4. (color online) The LCSR predictions on branching ratios Ry, and Ry,+,, that can be calculated by Eq. (22) and Eq. (21) re-
spectively.

HFFs and kept up to twist-4 accuracy within the LCSR
approach. As shown in Fig. 1, similar to other pseudo-
scalar meson decays to vector meson, the J/y-meson
transverse component will not have any contribution to
the HFFs of the B. — J/y transition at the point ¢* = 0.
With the extrapolated B.— J/y HFFs, we study the
semi-leptonic decays B, — J/yt*v, with € = (u,7) and the
two-body decays B. — J/y+(P,V) with P=(x*,K") and
V=(",K*"). The corresponding decay widths and
branch fractions predictions are listed in Table 7. We ob-
serve that our results are larger than that of the other the-
ories.

To compare with the experiments, we use these pre-
dictions to further study the three kinds of branching ra-
tios, i.e., Ry /uv,» Rk /x> and Ryyy. The results are listed
in Tables 5, 6, and 8. Meanwhile, we also provided two
images for comparison as shown in Figs. 2 and 4 to give

our results more clarity. For R/, and Rg- /-, our res-
ults are consistent with other theorical predictions and the
LHCb experimental results within the lo-errors. For
Ry, our predictions are close to those obtained using
other theories, but all of the theoretical predictions were
smaller than that of the LHCb experimental predictions.
Therefore, we believe that the HFFs obtained by the LC-
SR approach are also applicable to the B} meson two-
body decays and semi-leptonic decays
Bf — J/y+(P,V,t*v,). According to Ry, calculating the
HFFs in LCSR in a new way shows that there may be
new physics in the B, — J/y{*v, semi-leptonic decays.
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