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We calculate the branching fractions of the BY — J/y¢(1020) and BY — J/wf,(1525) decays using a
simple model based on the framework of the factorization approach. We also evaluate the total B —
J/wK™" K~ branching ratio, including the resonances and nonresonant contributions to the K* K~ channel,
by applying the Dalitz plot analysis. The largest resonant component of the final state structure in the
BY - J/wKTK~ decay is ¢(1020), accompanied by f5(1525) and five additional resonances. We
compute the resonant contributions BY — J/we(1020)(— KT K~), BY — J/wf5(1525)(— KTK~) and
nonresonant decay then compare with data from Belle and LHCb. The overall branching fractions
are obtained by applying our calculations to be BR[B? — J/we(1020)] = (1.14 +£0.17) x 1073,
BR[BY - J/wf,(1525)] = (0.33 £ 0.05) x 102, and BR[B? — J/wK"K~] = (1.03 £ 0.09) x 1073,
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I. INTRODUCTION

The decay BY — J/wK*K~ was investigated using
0.16 fb~! of data collected with the LHCb detector using
7 TeV pp collisions. In the K*K~ mass spectrum they
observed a significant signal in the f%(1525) region as well
as a nonresonant component. After subtracting the non-
resonant component, they found [1]

BR(BY = J/wf}(1525))
BR(B® = J/y¢(1020))

= (264+27+24)%. (1)

A first measurement of the entire BY — J/wK*K~ decay
rate (including resonant and nonresonant decays) was
|

BR(BY — J/yp(1020

) =
BR(BY = J /wf3(1525)) =

PACS numbers: 12.60.-i, 13.25.Hw

recently performed by LHCb with a measured branching
fraction of [2]

BR(B® - J/wK*K~) = (7.70 & 0.08 = 0.39 + 0.60)
£ 10) x 107, )

A recent discovery in this field is the measurement
of the branching fraction of the BY to J/y¢(1020),
J/wf5(1525), and J/wK'TK~ decays, based on a
121.4 fb~! data sample collected at the y(5S) resonance
by the Belle experiment at the KEKB asymmetric-energy
eTe™ collider [3]

(1.25 £ 0.07(stat) £ 0.08(syst) & 0.22(f)) x 1073
(0.26 £ 0.06(stat) £ 0.02(syst) & 0.05(f)) x 1072

BR(BY - J/wK"K~) = (1.01 £ 0.09(stat) + 0.10(syst) & 0.18(f,)) x 1073
) _

BR(B? — J/wf5(1525)
BR(BY = J/wp(1020))

In this analysis, we study the B — J/wK*K~ decay
using the Dalitz plot analysis. While a large ¢(1020)
contribution is well known and the f%(1525) component
has been recently observed and confirmed, as shown in
Fig. 1, it is better if we examine the BY — J/y¢(1020)
and BY — J/y f%(1525) decays. The branching fractions
of the last decays are computed by using a simple model
based on the framework of the factorization approach.
After the calculations are done, the resulting branching
fractions are
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(21.5 £ 4.9(stat) £ 2.6(syst))%. 3)

[
BR(B? = J/w¢(1020)) = (1.14 £0.17) x 1073,

BR(BY - J/wf5(1525)) = (0.33 4+ 0.05) x 1073,
BR(B? —» J/wK*K™) = (1.03£0.09) x 1073, (4

where the branching fractions BR(¢(1020) - KTK~) =
(489+£0.5)% and BR(f,(1525)—>K"K~)=(88.7+
2.2)% are used [4]. Note that our B, — J/wK" K~ pre-
diction includes also nonresonant contributions. Our cal-
culated values are in good agreement with the Belle
collaboration measurements [3] and also the results of
the BY — J/we(1020) and B — J/wf%(1525) decays are
in good agreement with the current PDG values [4] that are
dominated by the CDF measurements [5].
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FIG. 1 (color online).
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Projection of the fitin M(K*K~) for events in the signal range —0.07 GeV < AE < —0.03 GeV. Panels (a) and

(b) show the ¢(1020) and /% (1525) mass regions, respectively, for J/yr — e*e™ events; panels (c) and (d) are the same for J /yr — p"p~
events. In all plots, the upper solid line corresponds to the entire PDF model, which overlaps with the curve of the J/y¢p(1020)

component in (a) and (c) [3].

II. DECAYS AMPLITUDES

A. Amplitudes of the B! — J/y¢(1020)
and B! — J/yf,(1525) decays

In the factorization approaches, Feynman diagrams for
the BY — J/w¢(1020) and BY — J /wf,(1525) decays are
shown in Fig. 2. The framework to study B — VV and
B — TV decays (where V and T are the vector and tensor
mesons, respectively) is the effective weak Hamiltonian [6].
For AB = 1 transitions, it is written as

Hae =S | S Vit (100010 + ext) 040

i=u,c

10
Vi, c,-(u)ojwﬂ ’ )
=3

where G is the Fermi constant, c¢;(4) are Wilson coef-
ficients at the renormalization scale u, O;(u) are local
operators and V;; are the respective Cabibbo-Kobayashi-
Maskawa (CKM) matrix elements involved in the transi-
tions. In order to calculate the branching ratios in this work,
we use the next to leading order Wilson coefficients for
AB =1 transitions obtained in the naive dimensional
regularization scheme (NDR) at the energy scale . The
decay amplitude of a nonleptonic two body B decay can be
calculated using the effective weak Hamiltonian by

M(B i MIMQ) =< M1M2|Heff|B >
G2 10
=22 Cilw) <0i(w) >, (6
i

where the hadronic matrix elements < O;(u) > are defined
by < M ;M,|0;(1)|B > and M; are final state mesons. In
the naive factorization hypothesis, hadronic matrix ele-
ments < O;(u) > are evaluated by the product of decay
constants and form factors. These matrix elements are
energy u scale and renormalization scheme independent,
consequently there is no term to cancel the energy p
dependency in the Wilson coefficients, and the amplitudes
for nonleptonic two body B decays are scale and renorm-
alization scheme dependent. According to Fig. 2, the decay
amplitude for B — J/w¢(1020) and BY — J/y f5(1525)
processes is given by

G, . .
M(BY—MJ/y)=—%(ayV o, Vis—asV Vi)

V2

X <J/‘//|(CE)V—A|0><M|(SB)V-A|B§~)>
(7

where M = ¢(1020) and f(1525), and

c c
02:6‘24-?1, 03:6’34'?4- (3)

The decay constant of J/yw meson is defined as
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Jly

FIG. 2. Quark diagrams illustration the processes BY — J/y¢p
and BY — J/wf% decays.

<J/w(Pijys €1 )I(€E)y_ul0 >=my, fr/,€50, )

and the polarization vectors become

=0 -
€§/y/ ) = (|p1/y/|’ 0,0, pg/v,)/ml/w,
6%71) =¥ (0,1,£i,0)/V2. (10)

The transitions B — V [7] and B? — T [8] can be written
in terms of form factors by the following expressions

. €y 4
- l[(etﬁﬂ - e qﬂ)

BY
x (g + my) AP () - <(P3g ey

B}
Ay ¢(q2)
mpo 4 my |’

< ¢(pr/)v €(/))|(V;4 _A,M)|B.? >

2V ()
= ~Cuar PPy

mpo —I—m¢

2

mB?_mgﬁ
—T% (€4 q)

(I

where ¢ = (pgo — py), ¢° = mj,,,, and ¢, is the polariza-
tion vector of the ¢» meson which is calculated from (10),
with this difference that J/y becomes ¢, and [9]

0)
AB?(/) 2y _ f1,2< 7
) () + o,
(1=¢*/mp.)(1=0y(q*/mG.) + 0 (g /mp.)?)
(12)
and
< f/2(pf’2v €f/2)‘(vﬂ —A”)|B(S) >
= _h(q2)€ﬂu{xﬁ€l/2pﬂpaqﬂ - i[k(qz)ef’zﬂvpy
+epapP PP (b (q°) Py + b_(4%)q,)], (13)

where P = pgo + py. g = ppo — py,, and ¢° = mj; , and
the two sets of form factors are related via
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V(g*) = —mpoMpy + mf;)h(q2)7

mpgo
A 2\ — s k 2 ,
1(q%) P (¢%)
Ay (q?) = mp(mpo + mf/z)b+(q2),
mBO+mf/ mBO _mf/
A 2\ — s 2 2\ _ s 2 A 2
0(q”) 2my, 1(q%) 2my, 2(q7)
2
mpgodq
——=—b_(g%). 14
2my, -(¢%) (14)

The spin-2 polarization tensor, which satisfies €, p;., =0,
is symmetric and traceless. It can be constructed via the
spin-1 polarization vector €:

€ (£2) = €,(£)e, (L),
1
€;w(i1) = 7§ (6;4(:‘:)61/(0) + 614(0)60(:‘:))’
1
€;41/<0) = 76 (€ﬂ(+>€l/(_) + €ﬂ(_)61/(+))

2
+ \/;eﬂ(O)ev(O). (15)

In the case of the f), meson moving on the plus direction of
the z axis, the explicit structures of ¢ in the ordinary
coordinate frame are chosen as

| R
(0 = - (IPp]-0.0.-Ep,).
1 .
€f’zﬂ(i) = ﬁ(os F1,-4,0). (16)

The following modified form is more appropriate for B —
f% form factors:

F(0)
(1- qz/még)(l - a(qz/mlzgg) + b(‘f/’”%g)z) ‘

(17)

F(q*) =

B. Amplitude of the B! — J/wK*"K~ decay with Dalitz
plot analysis

1. Nonresonant background

For three body BY — J/wK*tK~ decay, the Feynman
diagrams are shown in Fig. 3, Under the factorization
approach, the BY — J/ywK* K~ decay amplitude consists of
a tree and a penguin processes, < B? - KTK~ > x
<0—J/y>, where <B?— K*K~ > denotes two-
meson transition matrix element. So the matrix elements
of this three body decay is given by
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< J/wK*K™|Het| B) >x< J/y|(cT)y_4|0 >< KK [(sb)y_a|BY > . (18)

The two-meson transition matrix element < K*K~|(sb),_,|BY > has the general expression as follow [10]

< K~ (p)KT(p2)|(sh)y_a|B) >=ir(ppo = p1 = pa), + iw,(p2 + p1), + i0_(p2 = p1),. (19)

The r, o, and w_ form factors are computed from pointlike and pole diagrams, we also need the strong coupling of
B*BY*) K and B’BYKK vertices. These form factors are given by [10]

e IR peo-(P2—p1)

r = s
2% Jik (g = p1—p2)* —mpy

_ 492f B?
2

Mmpompg+

29fp Mg (PB? - P1)-pi
+—0 o — 2 _ 2
Ix mp+ (PB? P1) M-

P1-P2— Pl-(PBQ - P1)P2-(PB? - Pl)/m%a*

f%( (PBQ -pi—pa)* - My

’

(PBQ - Pl)2 - m%*

w _ —_—
- f%( (PB‘Q - Pl)z - m%*

g fB*mB*\/mB*mBQ {] _ (PB_? - Pl)-Pl] i fBg?

mps:

(PB? - p1)-p

22"

g S g mpe /Mg {l—l-

T fx(pw—pi1)?—mi

Then the matrix elements read

mp

] . (20)

< K~ (p1)K(p2)J /w(es. p3)|Hee|BY > < if j,myp, (€5 - p3r + (63 - po+€3- pr)ows + (e3- py—e3-pro_)), (21

where under the Lorentz condition €5 - p3 = 0. Consider the
decay of B meson into three particles of masses m, m,, and
ms. Denote their 4-momenta by pg, py, p,, and ps, respec-
tively. Energy-momentum conservation is expressed by

P = p1 + p2 + p3. (22)

Define the following invariants

si2 = (p1+ p2)* = (ps — p3)*

s1i3=(p1+ p3)* = (ps — p2)*

s23 = (P2 + p3)* = (P — 1) (23)
The three invariants s;,, 53, and $,3 are not independent, it

follows from their definitions together with 4-momentum
conservation that

FIG. 3. Quark diagrams illustration the processes B? —
J/wKTK~ decay.

|
Sip + 813+ S23 = my +m3 4+ m3 + m3. (24)

We take 51, = s and 5,3 = £, so we have 53 = m3 + m? +
m3 +m3 —s—t. In the center of mass of K~(p;) and
K*(p,), according to Fig. 4, we find

- - 1
1| = [P 25\/3—4’"%’

1
Pl =py =35,
- 1
Pal = 13 =5 oy = m3 = )7 = s,

P(3) = m(mgn m% - ),
- 1
|€3| = 2m3\/5(mé0 m% - S),
1
€= o 7 \/(mén —m} —s)? — 4sm3, (25)
3 s

ﬁK‘r
1—73? ¢ ﬁj/y/
—_
4

FIG. 4. Definition of helicity angle 6, for the decay of
BY - J/wKTK".
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and the cosine of the helicity angle & between the direction of
D> and that of p; reads

1
—_— (m%o +m} +2m} —s—21). (26)

cos0 = ———
4|P2||P3|

With these definitions, we obtain multiplication of the
4-momentum as

ey (p2 + p1) = 2plél,

€3+ (p2 — p1) = 2|6 py|cosb. (27)

Now we can derive the nonresonant amplitude as

Myg(B) = J/wK"K™)

=i (V5 Vs — a3V Vi)

2v2
X <a)+ \/(m%? - mg/w —5)% - 4sm3/w

+ a)_(mé? — mi/w —s)\/1— 4m%</sc0s9)f1/,,,.

(28)

Mg(BY = K~ (p)K" (p2)J /y(e3. p3))

Gr . .
= NG My f 1@V Veg — azV Vi)

N S—

2V (%)
Mmpo +1my

BY
AP (q?)
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2. Resonant contributions

According to Fig. 3, the decay channels of BY —
J/wKTK~ can also receive contributions through inter-
mediate resonances ¢(1020) and f}(1525). Resonant
effects are described in terms of the usual Breit-Wigner
formalism

<K= (p1)K*(p2)|(5b)y_a| B >*
R—K* K-

= g Z€R‘(P2—P1)

2 2 _ i R=K K-
7 mp— (P2 +p1)” —imgl’ ‘pol

<R|(5b)y_4|B) >,

(29)

where R = ¢(1020) and f,(1525), and the transitions
B? - ¢ and B? — f’ should be written as Egs. (10) and
(13), and

=
12zm3xR=K"K

gR—>K‘K‘ — , (30)

2p?
where p. is the c.m. momentum. In determining the
coupling of R — KTK~, we have used the partial width
[A(1020)=K"K™ — (2 08 + 0.04) MeV and I/2(1529)=K"K™ —
(64.75f57_‘8§’) MeV Mev measured by PDG [4]. Then the
decay amplitude through resonance intermediate reads

. 0
—i(ey - €3)(mpo +my)AT? (¢?)

+i(ey - p3)es- (ppo + py))

Mgy + My

) gk K

mé —5— im¢F¢_’K+K_

+(ep, - (P2 = P (=M@ )€apese PP qP — ik(q? )€y €5 P

e PUPH b () e P) + b(@)(es - )

g/"/z—yK+K_

Finally by using the full amplitude, the decay rate of B — J/wK* K~ is then given by [11]

1 Smax Imax
L(BY = J/wKK™) = o
(BY = J/w ) (27)*32m3, / [

where

1
tmin,max(s) = m% + m% - Z ((mé? - 5= m%)(s - m% + m%) + \/ A(& m?g?’ m%) \/ ﬂ(s, m%’ m%))’

Smin = (ml + m2)2’

Smax = (mB? - m3>2’

where A(x,y,z) = x> +y> + 22 = 2(xy + xz + yz).

| - 31
me/z — 5= lmfrZFfZ_’K K ( )
Myr(B® = JJwK K™) + Mg(B® — J/wK*K)[2dsdt,  (32)
(33)
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III. NUMERICAL RESULTS

The Wilson coefficients ¢; have been calculated in

PHYSICAL REVIEW D 89, 095026 (2014)

TABLE I. Wilson coefficients c¢; in the NDR scheme at three
different choices of the renormalization scale u [12].

different schemes. In this paper we will use consistently  NLO ¢y o 3 4

the naive dimensional regularization (NDR) scheme. The P 1.137 —0.295 0.021 —0.051
values of c; at the scales 4 = my /2, u = my, and u = 2my,, u=m, 1.081 ~0.190 0.014 ~0.036
at the next to leading order (NLO) are shown in Table I. |, — 2, 1.045 —0.113 0.009 —0.025

The parameter g in the form factors, determined from the
D* — Dz decay, is [10]

g=03=x0.1. (34)
|

V.a| = 0.97425 + 0.00022,
V.a| = 0.230 £ 0.011,
IV,a| = 0.0084 + 0.0006,

V| = 0.2252 £ 0.0009,
Vs = 1.006 = 0.023,
V| = 0.0429 + 0.0026,

For the elements of the CKM matrix, we use the values of
the Wolfenstein parameters and obtain

V.| = 0.00415 + 0.00049,
V.| = 0.0409 4 0.0011,
V.| = 0.89 4+ 0.07. (35)

The meson masses and decay constants needed in our calculations are taken as (in units of Mev) [4]

mp =53252+£04,  mp = 536677+ 0.24,my;, = 3096916 £0.011,  my = 1525 £5,
my = 1019.455+0.020,  my. = 493.677 +0.016,
S =194%6,  fr=206+10,  f,, =418£9, fx = 159.8 + 1.84, (36)

and the parameters in BY — ¢ form factor are taken as [9]

[
IV. CONCLUSION

In this work, we have presented a comprehensive studies
of the BY — J/w¢(1020), B — J/wf5(1525), and BY —

— — /
f1(0) =034, o1 =073, o) =042, J/wK* K~ decays. Infact, we have been interested to examine
£2(0) =0.31, o, = 1.30, oy =0.52, the.B‘s) - J/wK" K~ decay by gsing the Dalitz plot e}nalysis,
£0(0) = 0.44, oy = 0.62. =020,  (37) while this decay mode has dominant ¢(1020) and f%(1525)

and for BY — f form factor we use [8]

resonances. In evaluating the BY — J/wK*K~ decay, the
amplitudesofthe BY — J/yw(1020) and BY — J /y f5(1525)
decays were required (specifically, the form factors of the
vector and tensor mesons). Hence we have decided to consider
these two-body decays. According to the QCD factorization
approach, we have calculated the branching ratios of the

Vi F(0)=020, a=175 = b=069, BY — J/y(1020) and B — J/yf}(1525) decays and
Ag: F(0) =0.16, a=1.69, b = 0.64, obtained (1.14 +0.17) x 10~ and (0.33 £ 0.05) x 1073,

. B B _ respectively. These results are in good agreement with
Az F(0)=0.12, a = 0.80, b=-0.11, the current PDG values [4] that are dominated by the
A,: F(0) =0.09. (38)  CDF measurements [6]. Finally, we have computed the

Using the parameters relevant for the BY — J/w¢(1020),
BY — J/wf5(1525), and BY — J/wK*K~ decays, we
calculate the branching ratios of these decays and the
numerical results are shown in Table II.

BY — J/wK*K~ decay through contributions of the non-
resonant and intermediate resonances ¢(1020) and £ (1525).
The overall branching fraction was obtained by applying
Dalitz plot analysis to be BR(BY— J/wKTK™)=
(1.03 +0.09) x 1073, All results are in good agreement with
the Belle collaboration measurements [3].

TABLE II.  Branching ratios of BY — J/y¢$(1020), BY — J/yf5(1525), and B — J/wK* K~ decays (in units of 1073).

Mode u=my/2 uw=my, u="12m, Exp. [3]

BY — J/w(1020) 0.26 +0.04 1.14 £0.17 2.234+0.33 1.25 £ 0.07 £ 0.08 £ 0.22
BY — J/yf5(1525) 0.08 +£0.01 0.33 £0.05 0.64 +£0.10 0.26 + 0.06 £ 0.02 £ 0.05
BY - J/wKTK"~ 0.24 +0.02 1.03 £0.09 2.01 +£0.17 1.01 £0.09 £0.10 £ 0.18
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