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Abstract. In this article, we calculate the strong coupling constants gg_ B, and gp,, Brn with the light-

cone QCD sum rules. Then we take into account the small 77" transition matrix according to Dashen’s
theorem, and we obtain the small decay widths for the isospin violation processes Bsg — Bsn — Bs7 and
Bs1 — Bin — B;ﬂ'o. We can search the strange-bottomed (O+, 1+) mesons Bgg and Bgp in the invariant

Bs® and B;kﬂ'o mass distributions, respectively.

PACS. 12.38.Lg; 13.25.Hw; 14.40.Nd

1 Introduction

Recently, the CDF Collaboration reported the first ob-
servation of two narrow resonances consistent with the
orbitally excited P-wave B, mesons using 1fb~! of pp
collisions at /s = 1.96 TeV collected with the CDF II de-
tector at the Fermilab Tevatron [1]. The masses of the two
states are M(B¥) = (5829.4+£0.7) MeV and M (BZ,) =
(5839.7+£0.7) MeV, and they can be assigned as the J¥ =
(17,2%) states in the heavy quark effective theory [2].
The DO Collaboration reports the direct observation of
the excited P-wave state B}, in fully reconstructed de-
cays to BTK~. The mass of the B, meson is meas-
ured to be (5839.6+£1.1+0.7)MeV [3]. The B, states
with spin-parity JE = (07,1F) still lack experimental
evidence.

The masses of the By mesons with (07, 17) have been
estimated with the potential quark models, heavy quark
effective theory and lattice QCD [4—16]; the values are
different from each other. In [17], we study the masses
of the strange-bottomed (07, 1%) mesons with the QCD
sum rules and observe that the central values are be-
low the corresponding BK and B*K thresholds, re-
spectively. The decays Bsg — BK and Bg; — B*K are
kinematically forbidden. In previous works, the mesons
f0(980), (10(980), Dso, Dsl, Bso and le were taken
as the conventional ¢, c5 and bs states, respectively,
and the values of the strong coupling constants gy, x k,
JagK K> 9D DK 9D, D*K, 9B,BK and g, p+k are cal-
culated with the light-cone QCD sum rules [18—23]. The
large values of the strong coupling constants support
the hadronic dressing mechanism [24-26]. Those mesons
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may have small ¢, ¢5 and b5 kernels of the typical ¢g,
cs and b5 mesons size, respectively; strong couplings to
the virtual intermediate hadronic states (or the virtual
mesons loops) may result in smaller masses than the con-
ventional qg, ¢5 and bs mesons in the potential quark
models and enrich the pure q@, cs and b5 states with other
components [14, 18-23,27-29].

The P-wave heavy mesons Bgy and Bg; can decay
through the isospin violation processes Byg — Bsn — Bm’
and Bs — Bin — B0, respectively. The n-7° transi-
tion matrix is very small according to Dashen’s theo-
rem [30], ¢, = (7°|H|n) = —0.003 GeV?2, and they may be
very narrow. In this article, we calculate the values of the
strong coupling constants gp ,B,n, and gg,, gz, With the
light-cone QCD sum rules, and study the strong isospin vi-
olation decays Bso — Bsm° and By — Bin°. In [31], the
authors calculate the strong coupling constants gp ,p.n
and gp_, pxy, With the light-cone QCD sum rules, then take
into account n-7° mixing and calculate their pionic decay
widths.

In the light-cone QCD sum rules approach one carries
out the operator product expansion near the light-cone
22 ~ 0 instead of the short distance = ~ 0, while the non-
perturbative matrix elements are parameterized by the
light-cone distribution amplitudes (which are classified ac-
cording to their twists) instead of vacuum condensates [32—
37]. The non-perturbative parameters in the light-cone dis-
tribution amplitudes are calculated with the conventional
QCD sum rules and the values are universal [38—40].

The article is arranged as follows: in Sect. 2, we derive
the strong coupling constants gp ., and gp_, Bz, With
the light-cone QCD sum rules; in Sect. 3, we present the
numerical result and a discussion; Sect. 4 is reserved for our
conclusions.
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2 Strong coupling constants gp_, B:y)
and gg,,B,, With light-cone QCD sum rules

In the following, we write down the definitions for the

strong coupling constants gp, B, and gp,, Bry, respec-
tively:

(Bs1|Bin) = —igp,,Brqn" - €

(Bso|Bsn) = 9B, Bsn » (1)

where €, and 7),, are the polarization vectors of the mesons
B} and B, respectively. The interactions among the
bottomed (07,17), (07,1") mesons and the light pseu-
doscalar mesons can be described by the phenomenological
lagrangian [41]

L =ihTr [Sb7H75A§aﬁa] +h.c.,

1+
Sa = T[Bf:ﬂu%—BaO] )
49
Ho = — [B3#yu —ivsBa)
H, = OHT 0,
Ay = (LTa L—R'OuR) ,

iM
=exp fﬂ

T /. + +
vitsoo’ K
M= ™ I+ K° , (2)
K- N L

where a and b are the flavor indices for the light quarks,
v?2 =1, and h is the strong coupling constant. From the
phenomenological lagrangian, we can obtain gg_, pxy, o< ih
and gp_, B,y X h. The hadronic matrix elements (B |B%n)
and (Bso|Bsn) have a relative phase factor i; furthermore,
we take the definition (Bg1|B}n) = —igp,, :yn* - € as the
one corresponding to (B |B*K) = —igp,, p*xn* - € in [23],
where a negative sign is chosen to guarantee that the strong
coupling constant gp_, p+x has a positive value. The ex-
pressions in (1) are the correct formula, although there are
other definitions [31]. In the literature, the super-fields H,
are usually defined as H, H”/’ [B*“'yu 5 B,]; the i that
accompany the pseudoscalar mesons B, is missing; there-
fore, the i in (1) disappears. Here we take the correct ex-
pression given by Manohar and Wise [42].

We study the strong coupling constants gg_, px,, and
9B.,Bsn With the two-point correlation functions I7,,, (p, q)
and IT,(p, q), respectively,

M (p.q) =i / dtze w2 (0|7 {1 (0)J41(2)} n(p))
(3)

1T,(p.q) =1 / dtze i ()T {73(0)757 (2)} In(p))
(4)
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Iy (x) = 5(x)v.b(z) ,

T (z) = 5(z)yu75b(@) ,

Jg(x) = 5(x)y,v5b(x),

J3(z) = 5(x)b(x), (5)

where the currents JY (x), Jj(x), J3(x) and J5(z) inter-
polate the strange-bottomed mesons B}, Bs1, Bs and By,
respectively, and the external n meson has four momentum
pu with p* = m?. The J5(z) and J/}(z) are the same cur-
rent, but we take different notations to express that the
contributions are taken from the pseudoscalar meson and
axial-vector meson, respectively.

The correlation functions I7,,, (p, ¢) and I1,,(p,
decomposed as

g) can be

H,uz/ (pa q) = 1I]A (pa q)g,uu +iHA1 (pa q)p,u(ﬁ/
+1T a2(p, @)Pvqu + 1T a3(p, 4) 909y 5
II,,(p, q) = ills(p, q)qu +ills1(p, q)pu , (6)

due to the Lorentz invariance. We choose the tensor struc-
tures g,,,, and g, for analysis in this article.

According to the basic assumption of current—hadron
duality in the QCD sum rule approach [38—40], we can in-
sert a complete series of intermediate states with the same
quantum numbers as the current operators J (z), Ji(z),
J(z) and J5(z) into the correlation functlons I, (p,q)
and I1,,(p, q) to obtain the hadronic representations. After
1solat1ng the ground state contributions from the pole
terms of the mesons B}, Bs1, Bs and By, we get the follow-
ing results:

1 ()72 (0)[0)

—(g+p)? } [Mzsl—q }

| (017 (0)| Bi(a+p)){B2|Bon) (Bs(a) T2 (0)]0)
(M3, (a+p)?] [ME, 2]

, (O17(0)| Buola+9))(Buol Bom){Bs(a) 2 (0)[0)
(M, —(a+p)?] [M3, ]

(077 (0) | B (q+p))(B;|Bsin)(Bs

m,, =

+ R
lnglB;nfB; stlj\4B;K Mle

[Még - (q+p)2] [M}ésl - qQ}

pP+q)u(p+q axqv
x| —gurt PEDuPHDa )} 0
B My

. P+q)u(p+q
+iCy —gu,\-l-(j)w# Ay
B3
+i02(p+Q)MQV+"'»
igp,,BrnfBr B, MpB2 MB,
_ 1Bin 1 1 Gt (7)

[ME; - (q+p)2] [M?gsl - qQ}



Z.-G. Wang: Strong decays By — Bsm and Bs; — Bim with light-cone QCD sum rules

- (0175(0) | Bs(g+p))(Bs|Bson)(Bso(q)].7°1(0)]0)
' (M3, —(¢+p)?] [M 2., — qz}
N (0175(0) | Bs1(q+p))(Bs1|Bson)(Bso(q)|7°7(0)]0)

[M]2351 o (q+p)2_ [M%so - q2}
+ SR
19B.0BsnfBs [B.oMB,
=— el 5 02 0 2-(p+CI)u
[MBS —(g+p) ] [MBS() —q
_ +9)up+
+iC5 | —gur + v %3;2@ 2 DAt
le
19B,0BsnfBs fBooMByo
'

[ME, — (¢+p)?] [M12350 - QQ}
Mé: + m727 B M%sl

+iCs 2M2
sl

Qutos (8)

where the following definitions for the weak decay con-
stants have been used:

(07 (0)|B: () = f5: Mpren,

(0172 (0)|Bs1 () = fBay MBy s »
(0[J5(0)|Bs(p)) =ifB.Py

(01.7%(0)| Bso(p)) = fB.oMB,q »

(0.7 (0)|Bso(p)) = fBaoPp - 9)

We introduce the notation C; for simplicity; the explicit ex-
pressions are ignored as the contributions can be deleted
with suitable tensor structures. The term proportional to

the Cs is greatlzy suppressed by the small numerical fac-

MB*+m%_Mf . . .

tor STSI, and the contributions from the axial-
B

vector meson can be neglected safely in (8). We choose
the tensor structure g,, to avoid the contaminations from
the scalar meson Byy and the pseudoscalar meson B in
the sum rule for the strong coupling constant gg_, pry-
In deriving the sum rule for the strong coupling constant
9B,oBan> We choose the axial-vector current J3(x) to in-

terpolate the pseudoscalar meson Bg, although there are
contaminations from the axial-vector meson By; the con-
taminations are tiny and can be ignored safely if we choose
the tensor structure g,,. If we choose the pseudoscalar cur-
rent Js(x) = §(x)ivse(x) to interpolate the pseudoscalar
meson Bj, the axial-vector mesons have no contamina-
tions; I failed to take notice of this fact at the beginning of
the work.

We perform the operator product expansion for the cor-
relation functions I1,,,(p, ¢) and II,(p,¢) in perturbative
QCD theory and obtain the analytical expressions at the
level of the quark-gluon degrees of freedom. In the calcu-
lation, the two-particle and three-particle n meson light-
cone distribution amplitudes have been used [43, 44], and
the explicit expressions are given in the appendix. The
parameters in the light-cone distribution amplitudes are
scale dependent and are calculated with the QCD sum
rules [43,44]. In this article, the energy scale p is chosen
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to be p=1GeV, but one can choose another typical en-
ergy scale: = \/M% —m? ~ 2.4 GeV. The light-cone dis-
tribution amplitudes are calculated at the energy scale
pw=1GeV with the QCD sum rules; on evolution of the
coefficients to larger energy scales with the (complex) re-
normalization group equation, which concerns approxima-
tions in one way or the other, additional uncertainties are
introduced. The physical quantities would not depend on
the special energy scale we choose, and we expect that
the scale dependence of the input parameters is approxi-
mately canceled, so the values of the strong coupling con-
stants which are calculated at the energy scale u =1 GeV
can make robust predictions. Furthermore, in the heavy

quark limit, the bound energy of the strange-bottomed

. 3Mp_.+Mp
_ 0 ~
(0, 17) mesons is about A = =20 —my, ~ 1 GeV,

which can serve as a typical energy scale and validate our
choice.

After straightforward calculations, we obtain the final
expressions of the double Borel transformed correlation
functions ITp and Ilg at the level of quark-gluon degrees
of freedom. The masses of the strange-bottomed mesons
are Mg, =5.72GeV, Mp,, =5.70 GeV, Mpx = 5.412 GeV
and Mp, =5.366 GeV,

M2 M2
Bs1 ~ Bso
2 2 = 2 2
Mg +Mg. ~ Mg +Mp

~0.53, (10)

and there exists an overlapping working window for the
two Borel parameters M? and M3. It is convenient to take
the value M? = MZ. We introduce the threshold parameter
so (this denotes s and sQ) and make the simple replace-
ment

B m%—‘—uo(l—uo)m%
e M2

7m%+u0(1—u0)m% s
M?2 —e M2

—e
to subtract the contributions from the high resonances

and continuum states [45]; finally, we obtain the sum rules
for the strong coupling constants gp,,B,, and gp,, Bry,

respectively,!
L M3, )

g = 1 exp %SO
BoBsn = 57—
07 fB B MBy M7

{=(-5)-

UnQAIQ
amn [QDp (UO) —

ms

= uo
+exp (— ﬁ) [—mbfém% dtB(t)
0

X

ug
+ fénm?] / dag
0

1—ag
></ dagpsy (1 —os— g, og, o)
U

0~ Qs

L For example, we use the notation (A” +A) ) (1-—a—pB,a,0)
torepresent A l1-a—-B,a,8)+A, (1—a—0,a,B). Other ex-
pressions can be understood in the same way.
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" 2(as+ag—ug) —3ay
ag
4
_ mef;]mn 1 UO dIB
M2 lfuo

1-p
X/o dad(l—a—-4,5,a)

1—wug
( [ e [t [ o
0 ug—aog
1 l—ag as
—|—/ dag/ das/ da)
1—-ug ug—oyg 0

2my, f,’]mf7
M2

" @(1—a—ag,ag,a)}}, (11)
Qg
1 M3, M2,
exp >+ >
[BrfB MB:MB,, M M3
= SOA
X exp _W — exp _W
2772
, mbmnM
X fn [ ™, ¢p(uo)
m2(M?+m?) d M* d
/Al T = =
+ 8 duo (UO) 2 dU0¢n(UO)

= ug
—exp (—ﬁ) [f’mgm?,/ dtB(t)
l—ag
+m / das/
ug—Qs

y (uof,’,mn@)—k fsnmb‘PSn)(l — Qs — 0y, s, Og)

1—ag

! 2M2 / s/
+ fymy dug da . as
A=Vl —as
><( I~V —a

204

uQ 1—as
— fimIM? — / do /
duo ug—as

Qs+ Qg —Ug

2
g

1—ug uQ (o
+f,',mf, (/ dag/ das/ da
0 ug—ag 0
1 l—ayg Qg
+/ dag/ das/ da)
1—-ug ug—oyg 0

ag»as»ag

X Aj(1— s —ay, as, ay)

1 2mj
— ]
) L‘g ( MQ)
4m§ as+a, —ug
e Oég (AL—FA”)

x(1—a—ago,a4)

d 1—ug uQ Qs
—f’m4u0— / da / das/ da
e dug 0 I ug—ayg 0

1 l—ay Qg
—|—/ dag/ das/ da)
1—ug ug—ag 0

P(1—a—ay, o, a4)

Qg
1 Qg 1-8
dag/ d,B/ da
1—ug 0 0
1—wup 2mj
P(l—a—
X |: ( o ﬁvaaﬁ) ag ( M2>
4mb (1 uo)

M2 (A|\+AL)(1 a—p,«a 7/6):|

9
d 1 d Qg d 1—5 d
+f77 " duO /1—u0 ag/ B/O °

o1 g}

g9

4
_f7/7m77

(12)

where

d(a

)=

Aj(as) + AL (o) —
=mi +up(1—up)m
M}
o MPMZ
C ME+ M3

V(i) = Vi(as),

Uug =

(13)

3 Numerical result and discussion

The input parameters are taken as m; = (1404 10) MeV,
mp = (4.7£0.1) GeV, A3 =0.0, a1 = 0.0, f3, = (0.40+
0.12) x 1072GeV?2, w3 = —3.0£0.9, ny = 0.5+£0.2, wy =
0.2£0.1, ax =0.20£0.06 [43,44], f, =0.145GeV, m,, =
0.548 GeV, f, = —\/léfn, fan = —\/léfgn, Mp, =5.366 GeV,
Mpx =5.412 GeV [46], Mp_, = (5.70£0.11) GeV, Mp , =
(6.72+0.09) GeV, fB,, = fB,, = (0.24+0.02) GeV [17],
fBr = fB, = (0.194£0.02) GeV  [37,47,48], s = (37+
1) GeV? and s = (38 +1) GeV? [17]. The Borel parame-
ters are chosen as M? = (5—7) GeV2, and in this region,
the values of the strong coupling constants gg_, px, and
9B, Bsn are rather stable, as shown in Fig. 1.

In the limit of large Borel parameter M?2, the strong
coupling constants g, gz, and gp,, B,y take up the follow-
ing behaviors, respectively:

M2<Pp (uo)
st sto
my My (uo)
IB:fBe

It is not unexpected that the contributions from the two-
particle twist-3 light-cone distribution amplitude ¢, (u) are
greatly enhanced by the large Borel parameter M?; (large)
uncertainties of the relevant parameters present in the

ngOBs"'l 58

9B By X (14)
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Central value;

---- Upper bound;

Lower bound. Fig. 1. The strong coup-

30 T T T 30
25} 1 5L
20t \\“‘“\NNN__N: 20Y
S e
[} ()
g 15+ B g 15
=) )
10 A Central value; ] 10 B
5L - --- Upper bound; ] 5L
Lower bound.
O 1 1 1 0
5.0 55 6.0 6.5 7.0 5.0
M*(GeV?)

above equations have a significant impact on the numeri-
cal results. The contribution from the two-particle twist-
3 light-cone distribution amplitude ¢, (ug) is zero due to
symmetry.

Taking into account all the uncertainties of the input
parameters, finally we obtain the numerical values of the
strong coupling constants, which are shown in Fig. 1,

|98, B2n| = (17.8£5.8) GeV,

|ngOBS77| = (20.1:|:7.2) GeV, (15)

and the uncertainties are large, about 30%. Taking into
account the small n-7° transition matrix according to
Dashen’s theorem [30], ¢, = (m°|H|n) = —0.003 GeV?, we
can obtain the narrow decay widths

Bapin = 247rM§ . ZZ

= (5.3-20.7) kev,

D2
2
8t M Beo

(N) - €Nty |

_mz

nglB

2
9By Bsnlyr

2 _ 2
mz —m;

IByBor = = (6.8-30.7) keV ,

(16)

\/ (M3, — (M +m)?] [ MR, — (Mp; —ms)?]

b1 = 2MB51 )
\/[M%so — (Mp, +m7")2} {M%So —(Mp, — mﬂ')Q}
b2 = QMBSO )

which are consistent with the ones obtained from the
analysis of the unitarized two-meson scattering ampli-
tudes with the heavy-light chiral lagrangian, I'p  prr =
10.36 keV and I'p B~ = 7.92keV [49,50]. We can search
the strange-bottomed (07,1%) mesons By and B, in
the invariant B,m® and B}7° mass distributions respec-
tively, just like the BaBar and CLEO Collaborations
observed the strange-charmed (07,17) mesons D,y and
D, in the invariant D 7w® and D:’ITO mass distributions,
respectively [51, 52].

ling constants gp,, p*y, (@)
and gp, B,y (b) with the
parameter M

5.5 6.0 6.5 . 7.0
M*(GeV?)

4 Conclusion

In this article, we calculate the strong coupling constants
9BsoBsn and gp,, pry, With the light- cone QCD sum rules.
Then we take into account the small n-7¥ transition matrix
according to Dashen’s theorem and obtain the small de-
cay widths. We can search the strange-bottomed (07, 17)
mesons By and By in the invariant Bs7° and B;“WO mass
distributions, respectively.

Acknowledgements. This work is supported by the National
Natural Science Foundation, Grants No. 10405009, 10775051,
and the Program for New Century Excellent Talents in Univer-
sity, Grants No. NCET-07-0282.

Appendix

The light-cone distribution amplitudes of the n meson are
defined by

(015(0)vuyss(x)In(p))
=i T’Ipu/ due vP® {¢n(u)+ %A(u)}

L’II#

+fn n9

/ due P B(u)

O1O)ss() ) = 2272 / due P, (u),

(015(0)ay55(2) In(p )>

! on2

1
m iup-x
—p,,xu) gmn/o due "%, (u),

(015(0)00159:Cluw (v)3(x) [1(7))

=i(puzy

= fn { (Pupagis — Pupagis) = (Pupsgia
_p”pﬁgta)}/Daiwgn(ai)e*il"“asﬂ%)’
(015(0)y.v59sGap(ve)s(z)|n(p))

1p-a:(as +vag)

T ZT
:pupa s pﬁ af mn/'DOélA”

+ frl;mn(p,ﬁgau _pagﬁ,u) /DO@AL (ai)e—ip-x(ozs+vag) ,
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_ ~ 7 3
(015(0)1ugsGap(va)s(x) n(p)) hov = {1uws — 5502,
o PaZp —PBTa 2 —ip-z(astvag)
=py——————— Da; e P 9 7 3

P fm"/ aiVj(ai)e h10:§n4w4+%a2

—ip-z(ast+va 1 2
+f117mn(pﬁgozu_pagﬁu)/DaiVL(ai)e palastvag) go = 1+78a2+60773+?0774a
(A1) 9
ga = — 502 — 6M3ws ; (A.3)

- - 28
where the operator Gog is the dual of the Gog, Gop =

%eaguyG“” and Da; is defined as Doy = dasdagdasd(1 —
as — g — o). The light-cone distribution amplitudes are P
Jon ms

1 3

here C (£), C4 (¢) and CF (&) are Gegenbauer polynomi-
2

parameterized as als, n3 = T and p? ="

[43,44].

m

m

S|

on(u) = 6u(l —u) {1 —|—a101%(2u— 1) —|—a2C2%(2u— 1)} ,

5 1
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