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Doubly-charged scalar in rare decays of the B, meson
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In this paper, we study the lepton number violation processes of B, meson induced by possible doubly-
charged scalars. Both the three-body decay channels and the four-body decay channels are considered. For
the former, the B — D u~u~ channel has the largest branching fraction 9.19 x 10723, and for the later

channels, the B; — B%zp~pu~ channel has the largest branching ratio 1.03 x 10727, These results are too
small to be within the current experimental precision. However, they can provide a comparison in theory
with the similar cases involving an off-shell Majorana neutrino.
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I. INTRODUCTION

Doubly-charged Higgs bosons (A**) have been pre-
dicted by the left-right symmetric models [1-3] as the third
component of scalar triplets. If one keeps only this triplet as
the new physics beyond the standard model (without
introducing the right-handed neutrinos), the Type-II see-
saw models [4-7] are achieved. This particle is phenom-
enologically interesting as it can decay to two same-sign
charged leptons which indicates the lepton number viola-
tion (LNV). It has been searched extensively at the
Large Hadron Collider (LHC). Until now, there is no
evidence to show their existence, which sets constraints
on their masses. For example, the latest result of ATLAS
Collaboration shows the lower limit on m(A%) is 770~
870 GeV for final states with 100% decay to ee, ey, and pu
[8]. And for CMS Collaboration, this lower bound is
between 800-820 GeV [9].

It is also interesting to investigate the low energy
processes with doubly-charged Higgs boson as the inter-
mediate state. Experimentally, the final particles come from
the same vertex because the masses of W and A™* bosons
are very large. Theoretically, the heavy bosons cannot on the
mass shell, their contribution is reflected in effective
interaction vertices [10]. Such low energy processes include
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the rare decays of top quark [11], = lepton [11-13], or
charged mesons [10,14,15]. Surely the branching ratios of
these decay modes will be very small due to the large Higgs
mass and small coupling constant. However, by comparing
the experimental results of the branching ratios of the LNV
processes with the theoretical predictions, one can get the
lower bound on the parameters involved in the effective
vertices [16]. One may argue that the Majorana neutrino can
also lead to the LNV processes, such as neutrinoless double
beta decays in low energy processes. Especially for
Majorana neutrinos with masses around GeV scale, as they
could be on-shell, the narrow width approximation (NWA)
can be applied, which greatly enhances the decay widths of
these processes [17]. However, it may also be possible that
there are only three generations of light Dirac neutrinos in
nature. If so, one has to find other mechanisms which could
give the same neutrinoless double beta decay signal, and
doubly charged Higgs boson will be such a possible
alternative. If there are only three generations of light
Majorana neutrinos, these LNV processes induced by them
are greatly suppressed [18,19] and may have the same order
of magnitude as the contribution of the doubly-charged
Higgs, which makes the latter case important.

In Refs. [14] and [15], the M| — M,I{l5 processes
induced by the At with M, = B~, D™, K~ are considered.
In this work, we will study such processes of B, meson.
Moreover, we notice that the LNV four-body decay
processes of heavy mesons with Majorana neutrinos have
been extensively studied in theory [20-24], while such
processes within the doubly-charged Higgs boson formal-
ism have not been investigated yet. So a careful calculation
of such channels will be a great supplement for the three-
body decay modes. Experimentally, as LHCb will produce
more and more B, mesons, searching such decay channels
will setting an experimental upper limit for the branching
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ratios, which can also be used to constrain the parameters of
doubly-charged Higgs boson.

This work is organized as follows. In Sec. II, we present
the theoretical formalism. Three-body decay processes and
four-body decay processes are both considered. In Sec. 111,
we give the numerical results and discussions. Finally, the
conclusion is given in Sec. IV. And some details for the
calculation of the hadronic transition matrix element are
presented in the Appendix.

II. THEORETICAL FORMALISM

The Lagrangian describing the interaction of doubly-
charged scalars with standard model fermions has the
form [10]

Lin = ihiyl Co Ay + Hee., (1)

where y;;, is the two-component leptonic doublet; A;; is the
leptonic Yukawa coupling constant; C = iy?y" is the charge
conjugation matrix; o, is the second Pauli matrix; A is the
complex triplet in the 2 x 2 representation which we have

defined as
B A+/\/§ ATt )
A= ( A —At/V2) @)

The Lagrangian which describes the interaction of AT+ /A*
with W~ gauge boson and quarks has the following
form [10,14]

V2 o
‘C{Ht = _\/EngSAA++W_ﬂW; + TQCAW_MA_ aﬂA++
igsa _ .
" mw(mq,qm —mygrqy) +He. (3)
wea

where s, = sinf, and ¢, = cos 0, with 0, is the mixing
angle between the usual SU(2), Higgs doublet and the
assumed Higgs triplet. This mixing happens when the

(a)

FIG. 1.

electroweak gauge symmetry is spontaneously broken as
both the neutral components of the Higgs doublet and triplet
acquire corresponding vacuum expectation values (VEV)
vy and v, . The mixing angle is related to the VEVs by the

2x2/(1 + 2x?) with x = Z—: [25]. From the

experimental result of the p parameter, which is defined
as [25]

relation s, =

My 1424
© Micos?Oy 1+ 4x%

p (4)

we can deduce the upper limit of x, and then set the upper
limit of s,.

A. The B, — h*l{1; processes

The three-body decay process of B, with lepton number
violation is shown in Fig. 1. Actually, there are six other
diagrams which contain A*. However, the contribution of
those diagrams is very small compared with those of Fig. 1.
This can be seen from that the parameters of the last two
terms in Eq. (3) are very small compared with that of the
first term. In Ref. [11], the ratio of the amplitudes with and
without A* is estimated to be less than 10~7. So here we
can safely neglect their contribution. The amplitude cor-
responding to the two diagrams in Fig. 1 is

3
= % < zbvqlqz +§Vfllbvilh>
x (h(p1)|(€b)v_4(d192)y-a|BZ (p)(lepton)
3
= % <V§bV’11112 + g VfIlbvj'%>
X fufp, P pi(lepton), (5)
where we have used the definition (h(p)|g;7*(1 —vs) X
¢,|0) = if,p} with f; being the decay constant of the

final pseudoscalar meson. For the vector meson case, the
definition (h(py,€)[q7"(1 —75)q2|0) = frM €] should

b

M W M,

q2

ol

(b)

Feynman diagrams of the decay processes By — htijl;.
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be applied, and in Eq. (4), p - p; should be changed to
M, p - e;. We also defined (lepton) = v(k,)(1 — ys5)u(k;)—
v(ky)(1 —ys)u(k,), where u(k;) and v(k;) are the spinors
of charged leptons. The factor % in the parentheses comes
from the Fierz transformation. The squared amplitude can
be written as

ME = v (2 v v e[
- F M?2 cb” 9192 3 q1b"Y cq,
A
X f4f%,|p - pi(lepton)|?, (6)

.. 2
where we have used the definition %& = 2 >
V2 8my,

The partial decay width can be achieved by finishing the
phase space integral

1 1 dS]z
F=(1-26,)— [ 220202 s, M2
( 21'12>512773M3/s12 (M5, 512, M3)
X 21251z miomd) [ deos ol )

where 5,5 = (k; + k,)?; m; and m, are the masses of two
charged lepton /; and [, respectively; the Killen function

M M,

(a)

Ax,y,2) =x2+y*+22=2xy—2xz-2yz  (8)

is used; 6, is the angle between the three-momenta I_c'lz =
1?1 + 1_<'2 and K | (the later is the three-momentum of /; in the
center-of-momentum frame of /; and 1,). §;,;, = 0(1) when
[, and [, are nonidentical (identical) leptons. The integral
limits are

s12 € [(my +my)?, (M-M,)?., 06,€0.z. (9

B. The B; — hYh;Il; processes

For the B, — J/wh; [71; processes, when hy =z or
K™, only the Feynman diagrams of Figs. 2(a) and 2(b)
contribute; when h2+ = D*,Df, all the four diagrams
of Fig. 2 give contribution, while that of Figs. 2(c) and
2(d) could be neglected as the c¢ pair production will be
highly suppressed. So we only consider the contribution
of Figs. 2(a) and 2(b). The corresponding amplitudes are
written as

(b)

FIG. 2. Feynman diagrams of the decay processes By — h{hil7l5.
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9 sah; _ _ _
My = \/— Vcbvq2q3 e ! (J/w(p1)ha(p2)|(€b)y_a(G293)y_al B (p)) (lepton)
A
7 sahi 1 - _
\/— VerVgras _mi fh2P2<J/l//(P1)|C?’,4(1 —75)b|B; (p))(lepton), (10)
My Ty oy sAh’f h Gob)y_ 4 (2 (P
B= 8vam}, b Veqs =3 /w(p1)ha(p2)[(220)y_a(Cq3)y_a| Bz (p))(lepton)
9 sahy; _
202 qubVCq3m—i]fthg<J/W(pl)|C}/ﬂ(1 —75)b|B.(p))(lepton), (11)
where we have used the Fierz transformation in M. Here (D°(p)|VH|BZ(p)) = fo(O*)(p + p1)¥
we only give the results when /, is a pseudoscalar meson. If
ve 2 80P + (@) (p=p)r. (15)

h, is a vector meson, f, p5 should be replaced by M, f), €,
Finally, we get the transition amplitude

3
_gsahy; 1
M= Svamym <Vcbquq3 + quszcq3>
X fr,P5(J/w(p1)|cy, (1 —ys)b|B; (p))(lepton).
(12)

The hadronic transition matrix can be expressed as [26]

WAV B () = =i (@,
U pOAIBS (P)) = F1(Q) g1 (0 1)
€ -p p
+f2(Q2)M+M1 (p=p1)
+F(@)M+M)er, (13)

where Q = p — py, fy and f; (i = 0, 1, 2) are form factors.

For the Bf — D"°h [T 15 processes, h; can also be 7™,
K*, D', or D{. For the same reason as the J/y case,
the contribution of Figs. 2(c) and 2(d) or D™ and D}
situations are also neglected. The transition amplitude can
be written as

N 1
M = 8\/§m%‘,mi <V“hvl12f13 + quzbvu%)
X i, o (DY (py)|ey, (1 = ys)b|BZ (p))(lepton).
(14)

For D*0, the hadronic transition matrix element is
parameterized in the same way as Eq. (12). For DY, it is
parameterized as [26]

where f, are form factors.
The phase space integral for four body decay processes
can be expressed as

d d

< 0 zz) su/&/dcost912/dcos¢934
S12 $34

< [ i (16)

where 515 = (p) + p2)?, s34 = (ki + k)% 0y, is the
angle between the three-momenta p;, = p;, + p, and P,
(the later is the three-momentum of /; in the center-of-
momentum frame of /#; and hz) 034 is the angle between
the three-momenta k12 = kl + k2 and K | (the later is the
three-momentum of /; in the center-of-momentum frame of
I, and 1,). ¢ is the angle between the decay planes X(hh,)
and X(/,1,). The factor K has the expression

1
_ 1/2
K7215H6M3/1/

x M/2(s34,m3, m3).

(M?, 513, 534)41 (512, M7, M3)
(17)
The integral limits are

S12 € [(My + M) (M —my — my)?],

s34 € [(my +my)*, (M = /512)?],

¢ €10.27],0,, € 0. 7], 65, € [0, 7. (18)

III. NUMERICAL RESULTS

Here we present some parameters used in the calcula-
tion. The lifetime of B meson is 0.507 x 107! s [27].
The decay constants used here are as follows: fp =
0.322 GeV [28], f,=130.4 MeV, fx = 1562 MeV,
fp=204.6 MeV, and fp =257.5MeV [27], f,=
0.205 GeV, fg =0.217 GeV [29], fp = 0.340 GeV,
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TABLE I.  The upper limit of the branching ratios of three-body
decay channels of B;.

Decay channel Br Decay channel Br

B > nftemem 750x 107 B - prete 1.52x 1072
B »atuu~ 192x102 B - pTu -  3.88x10723
B - nte y™ 247x1073 B -pfe ™  499x1073
B; - Kteme™ 594x107% B; - K'fee™ 888 x 10725
B; > K'up~ 152x107% B; > K*'p~u~ 227 x 1072
B; > Kte = 195x107* B - K*"e"pu™ 292 x 1073
B: > Dteme™ 121 x107* B; - D*fe7e” 135x107°%
B; > D pupu~ 3.10x 107 B -» D*fp~u~ 345x 1072
B; > D ey~ 398x1073* B - D*Ye"yu~ 444 %1073
B - Dfe7e” 359%x 1072 B; -> Dite"e” 2.86x 1073
B: - Dfp~pu~ 9.19x1072 B; ->Difpu~ 730x 1073
B; > Dfeu~ 1.18x 1072 B; - Dite 'y~ 938 x 1073

and fp: = 0.375 GeV [30]. The quark masses used here
are: m;, =4.96 GeV, m, = 1.62 GeV, m; = 1.50 GeV,
my = 0.311 GeV, and m, = 0.305 GeV.

In the expressions of the transition amplitudes, a factor
sahi;
"
width, we have to give the lower limit of the mass of the
doubly-charged Higgs boson and the upper limit of the
coupling constant £;;. If we take the same values in

Ref. [14], that is

is contained. To estimate the upper limit of the decay

h2, = 9.7 x 107 GeV~2M3,
h2, =2.5x 1075 GeV™2M3,
h2, = 1.6 x 10715 GeV—2M3,

sa < 0.0056, (19)

and set M, ~ 1000 GeV considering the latest results in
)7 <3.0x 1071 Gev*

VAhij
2

Refs. [8,9], then we can get ( m

(for ee), 7.8 x 1071° GeV~ (for uu), 5.0 x 10726 GeV—
(for pe).

The branching ratios of three-body decay channels is
presented in Table I. The D} =y~ channel has the largest
value which is 9.19 x 10723, One can see it is of the same
order of magnitude as those of the D or B cases in Ref. [14].
The large difference between the channels with e”e™,
u~p~, and e p~ mainly comes from the difference of
h?j If we set it to 1, then the ratios of these three channels
will approximately be 1:1:2, where 2 comes from that for
the eu~ channel we take o;,;, = 0.

In Table II, we give the branching ratios of four-body
decay channels with J/y as one of the final mesons.
Compared with the three-body decay channels, the branch-
ing ratios here are several orders smaller. Actually, most of
the suppression comes from the phase space integral. We
can estimate this as follows: from Egs. (6) and (15) one can
see that the ratio of the constants is (2673)7! = 5.0 x 1074,
which provide most of the difference between Table I
and II. The channels which have the largest upper limit are
J/wD:*I"I~, which are about 10728, One notices that, in
Refs. [22,31], B, four-body decays with a GeV scale
Majorana neutrino are calculated. There Fig. 2(b) gives
negligible contribution. Here this diagram is just color
suppressed, while its contribution can have the same order
of magnitude as that of Fig. 2(a).

For the B; — D1} [15 channels, the results are given
in Tables IIT and I'V. The largest upper limit of decay widths
for these channels is of the order of 10728, As the final
states contain ¢, only Figs. 2(a) and 2(b) contribute to the
channels with hj = x",K'. For the channels with
hy = D", D}, (c) and (d) also give contribution, while
they are neglected for the reason above. One notices that the
decay widths in Table I'V are about one order less than those
in Table III. This is different with the semi-leptonic decay
channels of B [27], where the D**I~y, channel has larger
width than that of D°/~y,. In Tables V and VI, we present

TABLE II.  The upper limit of the branching ratios of B; four-body decays induced by the (¢b)y_,(g1g2)v_a
current.

Decay channel Br Decay channel Br

B = J/wyrte e 6.81 x 1073 B = J/wpTe e 2.81 x 1072
B; = J/yrntu 1.86 x 1072° B = J/wyptuu 7.94 x 1072°
B = J/yrte 2.30 x 1073° B = J/ypTe 9.67 x 1073
B. - J/yK"e e 1.02 x 10730 B - J/yK*Te e 2.12 x 10730
B = J/wKt u—pu~ 2.82 x 10730 B = J/wK* Ty~ 5.98 x 10730
B. = J/wyKte u~ 3.46 x 10740 B: - J/yK* e u~ 7.27 x 10740
B = J/yD%te e 2.94 x 10730 B = J/yD*"e"e” 5.92 x 10730
B. = J/yD u 8.40 x 1073 BZ = J/yD* u 1.70 x 1072°
B = J/yDV e 1.00 x 1073° B = J/yD* e ™ 2.02 x 1073
B = J/yDfe e 8.18 x 107% B — J/yDi e e 1.21 x 10728
B = J/wDiu u~ 2.34 x 10728 B = J/wDitu— 3.48 x 10728
B: - J/yDfe u~ 2.78 x 10738 B: - J/yDite u 412 x 10738

115031-5
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TABLE III.  The upper limit of the branching ratios of B; four-body decays induced by the (#b),_,(g192)v_a
current with D° as one of the final mesons.

Decay channel Br Decay channel Br

B; = Dzte e 6.73 x 1073 B; = D%te e 1.43 x 107%°
B - Dnty 1.85 x 107 B —» Dptyu 3.96 x 107%
B; = Dntpu—e” 2.29 x 107% B; = D%ty e 4.88 x 107
B; —» D’K*ee” 5.39 x 107! B; —» D'K*te"e” 8.12 x 1073!
B = D°K*uyu~ 1.49 x 10730 B = DYK**yuu~ 2.25 x 10730
B = D°K*tp—e” 1.84 x 10740 B = D'K*ty~e” 2.77 x 10740
B: —» D'Dte e 1.07 x 10728 B; —» D°D*Feme” 1.03 x 10728
B = DDty 3.01 x 10728 B = DDt~ 2.89 x 10728
B; - D°Dtye” 3.67 x 10738 B; - D°D* e 3.53 x 10738
B; = D°Dte e 2.50 x 107> B; = D'Ditee 1.71 x 107%
B - DDy~ 7.08 x 1072 B - DDt~ 4.81 x 1072
B — D°Diype 8.61 x 107 B — DDt ymem 5.85 x 107

TABLE IV. The upper limit of the branching ratios of B, four-body decays induced by the (id)y_,(G192)v_4
current with D*0 as one of the final mesons.

Decay channel Br Decay channel Br

By - Dzte e 9.78 x 10732 B; —» D*%tee” 2.36 x 10731
B: = Dzt yu 2.69 x 1073 B: = Dt - 6.61 x 10731
B; —» Dzty~e 3.32 x 10741 B = Dt y—e 8.13 x 1074
B —» D%K*te e 1.38 x 10732 B; - DK*Te e 2.06 x 10732
By —» DK+ u~ 3.81 x 1073 By —» DK~ 5.75 x 10732
B - DOK+ty~e” 470 x 10742 B = DKt p—e™ 7.05 x 10742
B; - D°DFe e 8.45 x 10730 B; - D'D*"e e 1.68 x 107%°
B —» DDty 239 x 107% B — D*D* - 477 x 1072
B; - DD e 291 x 107% B; - DD e 5.78 x 107%
B — DDfe e 2.02 x 10730 B —» DDite e 3.08 x 107
B —» DDy~ 5.74 x 10730 B - DD~ 8.77 x 10730

B, - D*Dfu~e” 6.97 x 10740 B: = DDt p—e™ 1.06 x 107%

TABLE V. The upper limit of the branching ratios of B, four-body decays induced by the (§,¢)y_4(G293)y-a
current with BY as one of the final mesons.

Decay channel Br Decay channel Br

B = Bzte e 8.82 x 107% BZ = B%"Te e 2.36 x 10730
B — {e%m—u- 223 x 10728 B: — 1:90p+ﬂ—y— 1.25 x 10732
B = Bntyue 2.73 x 10738 B: = B e 1.79 x 10740
B — B'Kte e 6.82 x 107% B — B'K*teme 9.97 x 10732
B = B'K Ty~ 1.60 x 10728 B; — BOK** -

B —» BK*pu e 1.95 x 10738 B — B'K*t e -

B: = Binte e 429 x 10728 B - B+ e e 1.96 x 1030
B; = Bontuu~ 1.03 x 1077 B —» Bty -

B = Bntye 1.28 x 1077 B —» Bty e 4.96 x 107+
By —» B%Kte e 3.09 x 107% By — B'K* +e"e 2.51 x 107%
B; —» BK Yy~ 6.12 x 107% By — B'K* -

B = BYK*ue” 7.93 x 1073 B; —» BYK** e -

115031-6
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The upper limit of the branching ratios of By four-body decays induced by the (§;¢)y_4(§293)v_a

TABLE VI

current with B;” as one of the final mesons.
Decay channel Br

B; - B%nte e 3.15x 1073
By —» BOntuu 8.69 x 10730
B: —» BOntye” 1.03 x 1073%°
B; —» B%K*te e 9.68 x 10730
B — BOKtuu~ 2.28 x 107%
B; —» BOK+tu~e” 2.75 x 107%

Decay channel Br
B; —» B:%zte e 3.65 x 107%
B = BOztyu—u 1.01 x 1028
B: - Bz u e 1.19 x 10738
B; —» B%K*te e 1.31 x 1072
B —» BOKtu—u 3.07 x 107%
B = BK*tyu e~ 3.71 x 1073

the branching ratios of channels with B{, A;/;l; and
B h{I;l; as the final states. The decay width of the

Bz*171~ channel has the largest upper limit of 10727,
which mainly due to the large Cabibbo-Kobayashi-
Maskawa (CKM) matrix elements.

Here three things should be mentioned to the four-body
decay channels. First, except the channels calculated here,
there are also some other channels which can only be
realized through Figs. 2(c) and 2(d), such as D®)Or] 717
and 777z%[; channels. They are not considered here.
Second, the QCD corrections are not included. But it is
easy to be added if only Figs. 2(a) and 2(b) contribute,
which is similar to that of the two-body nonleptonic decay
channels of the B, meson. Third, the final state interactions
(FSI) are not considered, since it will not greatly change the
results’ order of magnitude.

IV. CONCLUSIONS

We have studied the doubly-charged Higgs boson
induced lepton number violation processes of B. meson.
Both the three-body decay channels and four-body decay
channels are considered. For the former, the largest value of
the branching fraction is 9.19 x 10723, which comes from
the Dfp = channel. For the later ones, the branching
fractions are of the order of 10727 ~ 107*>. The largest
value comes from the BYz* u~u~ channel. But they are still
three orders smaller than the smallest value of three-body
decay channels. The branching ratios of these channels are
much smaller than the experimental precision, which
makes them impossible to be achieved in the current
experiments. However, on the one hand, our work is a
helpful supplement to such studies in other works, such as
the neutrinoless double beta decay processes of K, D, and
B,. Our results show that the partial widths of the three-
body decay channels of the B. meson have the same order
with those of other mesons, which makes such studies share
the same interests with other works. On the other hand, the
four-body decays of such mesons with the doubly-charged
Higgs boson have not been investigated before. Although
their branching fractions are even smaller due to the phase
space integral, they have the similar order of magnitude
with those involving a off-shell Majorana neutrino. This

will be important in theory if no on-shell Majorana neutrino
is found in the future.
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APPENDIX: THE HADRONIC
TRANSITION AMPLITUDE

The hadronic transition amplitude can be written as [32]
(WY (pOlaur* (1 = ys)b|BZ (p))

& - . .
= / (2”§3Tr{%¢ﬁ(q1)n(l—rs)wﬁ(fn :

where § and g, are the relative momenta of B; and h{
mesons, respectively. ¢, (g) and ¢, *(q; ) are the positive
energy parts of the wave functions of the initial and final
heavy mesons, respectively, which have the following
forms [33]

(A1)

vy (q1) = [Al (q.)+ %Az(%)

P
A+ A s (A2

M

where the coefficients are

M a)1+a)2
A== |22 ,
1= 5 [ml+m2f1+f2]

M my + my
Ay = — - <
275 [f1+a)1+w2f2]’
Ay = — M(w; — a) A

m10)2+m20)1

M
4y = - Mlmtm) (A3)

mya; + my

115031-7



WANG, JIANG, WANG, and WANG

PHYS. REV. D 97, 115031 (2018)

In the above equation, m; and m, are respectively the masses of quark and antiquark inside the meson. w; is defined as

Vm? + g*. f, and f, are functions of g>.
For the 1~

state, the positive energy part of the wave function has the form [33]

O (0) = (02 €) | Bulas) + 4 Ba(a) + 2 Bu(a) + o Bulau)|

+ M¢[BS(QL) + §B6(QL)

where the coefficients are

1

B, =
! 2M(m]Cl)2 + mza)])
1
B, = - 2
2 2M(m,a)2+m2a)1)[(ml m,)qifs+ (@
1 m1+m2 2M2 :|
By =— + - ,
3 2[f a)1+a)2f4 m1w2+m2a)1f6
1 W+ w 1 my;+m
=3 5—172][6 ) Ag =5 |— 1 2
2 my + my 2| o+w
M w —w w +w
B, == 1 2 [ o 2f6],
2 myw, + myw my + my

(01 + @2)q1 f3+ (my +ma) g fs + 2M* 0, f s

M
L Bolq) + o0 Bila)| (a%9)

- 2M2m2f6]’

—2)q3 fa4 = 2M*myf5s + 2M*w, f 6],

1 (01+(1)2 2M2 :|
= — | — + - ,
4 2 |:m1 +m2f3 f4 m1w2+m2w1 3
—fs +f6:|
M
M mitm {_ +Mf6], (AS)
2 myw, + myw my +m,
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