PHYSICAL REVIEW D 80, 014023 (2009)
Vector meson and heavy meson strong interaction
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We calculate the coupling constants between the light vector mesons and heavy mesons within the
framework of the light-cone QCD sum rule in the leading order of heavy quark effective theory. The sum
rules are very stable with the variations of the Borel parameter and the continuum threshold. The extracted
couplings will be useful in the study of the possible heavy meson molecular states. They may also helpful
in the interpretation of the proximity of X(3872), ¥(4260), and Z(4430) to the threshold of two charmed

mesons through the couple-channel mechanism.
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I. INTRODUCTION

A number of hadronic states, which can not be easily
accommodated in the conventional quark model, have been
observed experimentally in recent years, such as X(3872)
[1], Y(4260) [2], and Z" (4430) [3]. Their masses are very
close to the thresholds of DD*, D*D*, and D*D,, respec-
tively. It was speculated that the coupled-channel effect
may play an important role because of the attraction be-
tween these D mesons. Alternatively, they were considered
to be possible candidates of the heavy molecular states
composed of two D mesons. These loosely bound states are
formed by exchanging light mesons such as 7, o, p, and w,
etc. Up until now, the pion heavy meson strong interaction
is relatively known due to chiral symmetry. However, the
vector meson heavy meson strong interaction has not be
extensively studied yet, which accounts for the relatively
short distance interaction between two heavy mesons.

Heavy quark effective theory (HQET) [4] is a systematic
approach to study the spectra and transition amplitudes of
heavy hadrons. In HQET, the expansion is performed in
terms of 1/m, where m, is the mass of the heavy quark
involved. In the limit m, — oo, heavy hadrons form a
series of degenerate doublets due to heavy quark symme-
try. The two states in a doublet share the same quantum
number j;, the angular momentum of the light components.
The B(D) meson doublets (07, 17), (07, 17), and (17,2%)
are conventionally denoted as H, S, and T.

Light-cone QCD sum rules (LCQSR) [5] is a very useful
nonperturbative approach to determine various hadronic
transition form factors. One considers the 7 product of
the two interpolating currents sandwiched between the
vacuum and an hadronic state in this framework. Now
the operator product expansion is performed near the
light-cone rather than at a small distance as in the conven-
tional QCD sum rules [6]. The double Borel transformation
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is always invoked to suppress the excited state and the
continuum contribution.

The p coupling constant between D and D* was calcu-
lated with LCQSR in full QCD in Ref. [7]. The couplings
grstsp> JHxH*p» &HHp»> AN [y, wWere calculated in full
QCD in Ref. [8]. Their values in the limit m, — oo are also
discussed in this paper. The p coupling between doublets T
and H are studied in the leading order of HQET in Ref. [9].

In this work, we use LCQSR to calculate the p coupling
constants between three doublets H, S, T and within the
two doublets H, S. Because of the covariant derivative in
the interpolating currents of the 7" doublet, the contribution
from the 3-particle light-cone distribution amplitudes of
the p meson has to be included when dealing with the p
decay between doublets T and H(S). We work in HQET to
differentiate the two states with the same J? value yet quite
different decay widths. The interpolating currents Jf}:;,a"
adopted in our work have been properly constructed in
Ref. [10]. They satisfy

OISO, P, jiy = fpj, 8jybpp b ym* e, (1)

OITSS (0715 ()30

JP.i 7P
= 8, 0pp,(—1)Sgl P g
x [ d18(x — v, (1), @)

in the limit myp — oco. Here n“"™"% is the polarization
tensor for the spin j state, v is the velocity of the heavy
quark, g*? = g®# — v*vB, S denotes symmetrizing the
indices and subtracting the trace terms separately in the
sets (ay -+ a;) and (B - - - B)).

II. SUM RULES FOR THE p COUPLING
CONSTANTS

We shall perform the calculation to the leading order of
HQET. According to Ref. [10], the interpolating currents
for doublets H, S, and T read as
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Ioam = J%Ev')’Sq’ 3)
N = \/%Y?q, @)

]g+ 12 = 2th’ (®)]
1+ (1/2) \/_hv’)’s’)’z q, (6)

T o = Bhys(-DE —yeDYa, (D)

1L+.G3/2)

TO( ay
Jz +1 (3/2)

= i (DY D + 4D~ 30Dl
®)

where £, is the heavy quark field in HQET, v/ = y# —
vk, DI = DHF — (D - v)vH, g’ = gt — v*v”, and
v* is the velocity of the heavy quark.

We consider the p decay of T, to H; to illustrate our
calculation. Here the subscript of T(H) indicates the spin of
the meson involved. Owing to the conservation of the
angular momentum of light components in the limit m, —
oo, there are three independent p coupling constants be-
tween doublets T and H. We denote them as g3}, . 871,
and g”TIZHP, where s, d, and the number following them
indicates the orbital and total angular momentum (/, j,)
of the final p meson, respectively. All of these three
coupling constants appear in the decay process under
consideration. The decay amplitude can now be written as

M(T, — H, + p)
— Il{e.ne e* ng Hyp + [ene*qv(e*

+ [en (e’

: ql) - lene*e v ]ngH]p

“q) + € (- q)]gly, b )

where 7, €, and ¢ denote the polarization vector of T,
H;, and p, respectively, g is the momentum of the p
meson, ¢> = m3, and ¢ = ¢* — (g - v)v*. I =1, 1/2
for the charged and neutral p meson, respectively. The
vector notations in the Levi-Civita tensor come from an
index contraction between the Levi-Civita tensor and the
vectors, for example, €7€ ¢V = e*PIn € e,

To obtain the sum rules for the couphng constants
&0 89, ,» and g92, . we consider the correlation
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functions

[ dixe Fp@ITL O] oy MO
= Ii{ apet szTlHlp(w, ')
n |:€a/31/v(e* L q,) — — e’ "QZ]G?IHI,;((D, ')
+ [eae*qvq.tg + ePavy ]GT Hlp(wy w’)}, (10)

where = 2v - k, o' = 2v - (k — ¢). In the leading order
of HQET, the heavy quark propagator reads as

(OIT{h, (0)h, (x)HO) = (11
The correlation function can now be expressed as
‘lrfdxe ik-x [ dté(—x — vt)
X Tr{% Lro —175)( ——7?1))
X (p(@)lg)7010)} (12)

It can be further calculated using the light-cone wave
functions of the p meson. To our approximation, we need
the 2- and 3-particle light-cone wave functions. Their
definitions are collected in Appendix B.

At the hadron level, the G’s in (10) has the following
pole terms:

f*,l/2f+,3/2gT1Hlp
(2/\—,1/2 - w’)(2A+,3/2 - )

c ¢!

+— +
2A_‘1/2 - a)/

GTlHlp(w’ ') =

- , (13)
2A i3~

where A_ 1 =my —mg, Ayzp=mp—mg, f_ip,
etc. are the overlap amplitudes of their interpolating cur-
rents with the heavy mesons.

Gr,n,p(®, ®') can now be expressed by the p meson
light-cone wave functions. After the Wick rotation and the
double Borel transformation with @ and w’, the single-pole

terms in (13) are eliminated. We arrive at
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Vogilupf~a/nf +,<3/2>6_((A*'3/2+A"‘/2)/ "

1 J 1 2 1

= 3 ,§ 2}1”[1]( 0)?_ (Mh )[1](M0)— 43[ 10]( )T+24f Ar(it O)T 24fp pAT(Mo)Mo—
4 24T 4B[3](— )1_1 T 2C[1](— )T W _1 T 2hs(— )T W _i T th(l)(— )T w.
f g pMCr (i) T fo T 27 oM Ho fo T 127 Pty o fo T

+% ) )T o 5 )+lf,§m,%5“’°](uo)Tfo(&)—éfﬁmim(ﬁo)Tfo(%)+éfp o)
—f?mﬁA(rz)(ﬁo)Tfo<7c) og /A An) )T ro(5) - 1f,€sz[;]<uo>Tfo(%) e (%)
— 2 Mo L @) T 1o 5) + 2 A T M) = 3 7 T )+ 5 7 T[I’OJ(M())TJ%(%)

e T TN T o 9) = 3 1 Ems T o) — 5 ;mgfg‘”](uowfo(ﬁ)+—fpmzA[21<ao>%
—EfpmzA[%zo)F+Efpm;<uA>m<ao>%+gfpmzc[‘ﬂ(ao)%—%f,)mzc%o) 42 Fmi O ag) o
b oA + i FomA i) = g fm3 (A (o) — 1fpmzﬂf°’°1<uo) 4 FmCag) + ¢ fm i)
= SO @) + o3 fomag @) = 1 Fom @) + 1 e @y + 5 fm g

fpmpﬂlm](uo)ﬂf,( )+ 3 W(ﬂ(uo)+6fpmpv[2v°1(uo)T2fl(%)—%fpmzsol[ﬁ](ao)
ol a) 3 ) + 3§ fma W2 ag) s+ VIO ag) = ¢ WO
2 B2 g) 5 = 2 ) + 5 f @ () + g f e T (%)

g om0 @) T (5) + ¢ oyl (%)T%(TC)—éfpm,)so”mo)ﬂfl(ﬁ)
= 3 oy @11 (52) + 15 fym ) @7 (), (14)

Vo8, f 1/ 3 Rron AR/
PPN | ) 1 _ 1 1 1 o1
== ,T;m%h [1](140)* + fﬁmi(uhn)m(uo)? + 2f,T,mf,S[ I’O]WO)? + f; 2AT( O)f - Rf;T)m%AT(uO)MOT
1 _ w, 1 o . B 1 _ 1
~ 21 B 7~ e @) T 5 + Zfzgol(uo)uonO(T) — ST )+ Fma T )
_ 1 1 1 o1 1 o1 o1
- fﬁmiTE l'()](bto)— - —fpmSpA[z](ﬁo)—z + —fpm?)A[l](“o)— - —fpm%(MA)[l](uo)— - 4fpm3pc[4](u0)_2
T 4 T T? T
1 1 a a
+ 2f 1 COWitg) —5 — 2 3y (uC)PN(itg) —5 — —fpmpﬂt[o Mug) — fp m, g i) — —fp m, g (iio)
T T
1 a - v - —_ —_
+ o om0 = fm, 8" i) + fom, VIO uo) + f,m, 0 o) = fpm, ) o) + fpm, ()N ig)

- 1
— 4fpm§,\If[—l(ﬂ(uo)F — 4f ,m} L 2’0](u0)ﬁ, (15)
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V62 -+ ame Rrart A
3 a3 oy ]
:1—6fpmpAT(uo)———fpmpAT(uo)Mo fpSDL(Mo)Tfo + - fp¢l(u())u0Tf0

= 3m Ty ) fom %Tg_lm("o)f+§fpmpﬂ[°’°](uo)—gfpmpg(f)(ﬁo)+§fpmpg(f)(ao)uo, (16)
where f,(x) =1—e™* ZZ:O% is the continuum subtraction factor, and . is the continuum threshold, uy, = —lesz’
TT+T72" , and iy =1—uy. T, and T, are the two Borel parameters. We have used the Borel transformation
BT 2 = §(a — 1) to obtain (14)—(16). In the above expressions, we have used the following functions: F [“](uo) and
F fa 2)(uy). They are defined as

Fll(ig) = ]0 fo B /0 " Fa)dxydxs - - - dy, (17)

U -« — —
FO0(y) = f ] [ Flrama o), o (18)
0 u

0~y as

f[l’o](uo) =

1y j:'(l — Uy, Ay, Uy — az) da2 B jlfuo :]:(uo, 11— Uy — g, a3) da3, (19)
0 0

Uy — ap as

5

Fl20)(yy) = /;)uo da, IFA — ay — a3, ay, a3z)]/da,

as

fl—uo NF( — ay — as, ay, a3)]/da,
— da3
0 s a)=U

(20)

ay=uy—a,

uy fuo—az U l—a, - 1 - - P ’
:]:[_1)0](1,[0) = f [ ' :]:(1 - 0y — 3, p, a3)da3da2 + [ )[ (MO QZ)T( %2 %3 &2 a3) da3da2,
0 0 0 u

0T a2 as

(21)
U, Ugp— a 1 U, Up—a
F20 () = [ ’ f ’ zf CFO - ay — X, ay, X)dxdazda, + 3 foofoo ’ a; F(1 — ay — a3, ay, a3)dasda,

2
2 [ f (1 - Uy — a3, aoy, a3)da3da2, (22)
Uy— 3

FL300(y) = ["" [“07% [a3 [xz F( = ay — xy, ay, xy)dxdxydezdasy
o Jo o Jo
1 (u uy—a (3 1 fu o
_[ 0[ 0 2[ "xF(1 = = x, ay, X)dxdasda, +6_[ O.[ "G F( - ey — s, 0, as)dasda,
o Jo

l—a
6 [ f ’ (uo - f(l —ay — a3, @), az)dazdas. (23)
Ug—an 3
ITII. NUMERICAL ANALYSIS f_\+,1/2 = L1.15 GeV,

_ In our numerical analysis, we need the mass parameters fe12 = —0.40 = 0.06 GeV*/2,
A’s and f’s, the overlapping amplitudes of these interpo- [‘\+‘3/2 = 0.82 GeV,
lating currents. We adopt A_ ; /, from Ref. [11]: A_;,, = 019 = 0,03 GeV52
0.5 GeV, f_i,n=025=0.04 GeV¥2. Ay, 1/ f+32 =019 0. eV

/_\+’3/2, and f 3/, are given in Ref. [12]:
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The parameters that appear in the distribution amplitudes of the p meson take the values from Ref. [13]. We use the values
at the scale © = 1 GeV in our calculation under the consideration that the heavy quark behaves almost as a spectator of the
decay processes in our discussion in the leading order of HQET:

L Mevl  f} [Mev]  al at a @, ol 1 @) ot &
216(3) 165(9)  0.15(7) 0.14(6) 0.030(10) —0.093) 0.15(5) 055(25) 0.07(3) —0.03(1) —0.03(5) —0.08(5)

We will work at the symmetry point,i.e., T, = T, = 2T,
uy = 1/2. This comes from the observation that the mass
differences between H, S, and T are less than 0.4 GeV in
the leading order of HQET. They are much smaller than the
Borel parameter 74, T, ~ 3 GeV used below. On the other
hand, every reliable sum rule has a working window of the
Borel parameter 7" within which the sum rule is insensitive
to the variation of 7. So it is reasonable to choose a
common point 7} = T, at the overlapping region of T
and 7,. Furthermore, choosing 7} = T, will enable us to
subtract the continuum contribution cleanly, while the
asymmetric choice will lead to the very difficult continuum
substraction [14].
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FIG. 1. The sum rule for géfllef,vl/szrj/z with w,. = 2.8,
3.0, 3.2 GeV.
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FIG. 2. The sum rule for gf'y ,f—1/2f+3 with o, =28,
3.0, 3.2 GeV.

From the requirement that the pole contribution is larger
than 60%, we get the upper bound of the Borel parameter.
This leads to 7 < 1.7 GeV. The convergence requirement
of the operator product expansion leads to the lower bound
of the Borel parameter 7 = 1.3 GeV, starting from which
the stability of the sum rule develops. The resulting sum
rules are plotted in Figs. 1-3 in the working interval
1.3 GeV <T <17 GeV and w, = 2.8, 3.0, 3.2 GeV.

Other p coupling constants between H, S, and T dou-
blets can be calculated in the same way as gr,y, ,- Their
definitions and the relevant correlators are given in
Appendix A. Here we simply present the sum rules for
these coupling constants:

L i 1
0 -
gng]pfg’(l/z) Ze((zA,,l/z)/r){_fpmzA[l](uo) F

1 N
-8 fpmzcm(ﬁo)ﬁ + 4f;m%h‘“[l](u0)?

+ 4fpmp §D|[|l](’/_‘0)}’ (24)

1
8
= 2f m, & (o)

p'tpd 1L \H0

—sffer(5)l e

A 1
1 -
ngHlpfza(l/z) e((ZA"W)/T){fgm%AT(Mo) T

000 [ T T T T T T T T T T T T T T T T T T T ]
-0.05F ]
E _0‘10; ——— — T_:,‘:::—:_:::E
ﬁ [ 4
< -oasf 3
T r
= : —— 0, =2.8GeV
LE -020f
o r
o [ — ©.=3.0GeV
—025F 1
[ —— w.=3.2GeV
—030b— P R
1.0 12 14 1.6 1.8 2.0
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FIG. 3. The sum rule for g‘ﬁHlpf,,l/zftyz with w. = 2.8,
3.0, 3.2 GeV.
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1 5 1 o1 o1 _
885,500 %12 —Ze““wﬂ/“{ Afhm 2hY[”<uo>;—fpmf,A“]wo)ﬁ—8fpmzc[3](uo>ﬁ+4fpmp<o|ﬁ”(uo)}, (26)

5 1 _ W, @)
e<(2A*~1/2)/T){—me%AT(uo) T + 4f£¢7J_(u0)Tf0(7) - 2fpmpg(_]_)(u0)}’ (27)

1
1 2
gglslﬂf*',(l/Q) g

| X _ W,

gi‘})Hlpf—,(l/2)f+,(1/2) 16 e((A*‘”ﬁA"‘/Z)/T){—8f£m%C[Tl](uo) + fEm2 AL (i) — 4fL ¢! ()T f, <7)
v - wC

= 8f,mye @71 56} (28)

1,z X _ o1 o1 _ 1
gg;Hlpf*,(l/Z)fﬁ(l/Z) = 4 e((A*"/ﬁA"‘“)/T){_4fz¢[ll](uo) + f;m%A[Tl](Mo) 72 + 16f§m,233?](uo) 7 2A[2](Mo)fpmz 3

. 1 1
= 8f,m, g ag) 1+ 87,m, o) 7 (29)

\/gglrﬂs,pf+ (1/2)f+,(3/2)e_((A*'3/2+A“/2)/T)
= me2 C[z (it9) + meQC Nag) — - Z %(”CT)[I](MO) — fim S[O ) — —fT SA (i) + ifT’”’l%)(W\T)'(fio)
S FIm B ) + ¢l @)1, (7) ~ e @ T 1 (5) = S Em T o) + 3 A T )
= fmiAT )~ fpmiﬂ[_l’o](uo)% 42 o VE W) 2 —fpmpﬂt“‘”(uo)Tfo(—“)

- 1f,ompg(f)(flo)Tfo(&) - _fp pg(u)[l](uo)Tfo<wc> fp ng (Uo)Tfo( ) + - fp pgj_ (uo)uono( )

Ly Vo) T7o(5) + 3 om0 71 (52), (30)
\/gg[T)?slpf+,(l/2)f+,(3/2)ei((]\“/z +A412)/T)
3
= 3 /om i) - c“]< o) + 3 EmBCa) = 3 rimd o) + 3 Fhmd e )i
3 0= [4- y 1
+ — 20 Tmy Ay (i O)F - 2 (”AT)[]](MO)_ + ﬁfT m3 A% (ity) — 160f,§ (A7) (i1g) — —f; » By (Mo)ﬁ
1 12 _ _ _ _
412 i B o)y = 2 P B )~ fm3 B ) —fszB[Tl](uo) 42 IR ) Va)
9 B W, 3
e (% T) g ) @ T (52) + S 3 T2 ) 5 = 5 £ T i)
12 _ 3 o 1
+ ?fg T[ 20]( )— + —fg [30’0](140) + ?fgm‘;’fg 2’O](uo)— + —fgm2 TEO‘O](MO) — —fpmi,Am(uo)F
3 _ o1 9 1 1
+ EfpmiA[z](uo)— - —Ofme(MA)[z](MO)F - %fpmzA[l](MO)_ - fp ZA(MO) T 40fpmpA(M0)M0—

- 9fp 38V @ )— + < fp m3 gV a 0)% - gfpmp(ug(f))m(u )+ — fp m3 Vi 1°1<u0>— + < fp pgol[ﬁ](uo)—

=2 fomaea) 5+ gfpmzw”)m(uo)% - %f s V) - —fprnz<1>[-3»°1<uo>F

+ 25—4fpmi‘lf[‘3’°]<uo>% + gfpmicb[-l*’](uo)% = Sy 101%)? - 20fp m,g " ]<uo>rfo(%)
%fpmpg(f)(ﬁo)TfO(%> - z%fpmpg(f)(ﬁo)ﬁono(%) + Efpmp V[l'o](uo)Tfo(%)

9 c 3 —_ C 3 - - c
+ %fpmp¢|[|l](ﬂ0)Tf0(w7) + Efpmpgoﬂ(uO)TfO(wT) - Efpmpgoﬂ(u())uOTfO(%)’ (31)
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Jgg§lslpf+,(1,2)f+:(3/2)e ((A+,3/2+A+,1/2)/T)

_ _ 3 1
= =377t @0) + 37w ) ao) + 3 S FmE AT @) 75 —

1 1
+12 fgm,%B[ﬁ](uo)ﬁ — 12f7 m%(uBT)m(uo)F +6/Tm
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3 _ 1 1
2 wAD o) ] 5 = 241 fmp B o) 5

271 2’0](”0)ﬁ + 12/Tm2 T 2’O](uo)p

_ 1 3 1 3 o 1 3 1 v 1
+ 12fTm? TE; Z’OJ(MO)E - Efpmf)AB](uO)F + EfpmzA[Z](uo)F - Efpmz(uA)[ZI(u())F - 6fpmpg(l)[3](uo)?

v - 1 v - 1 — 1 — 1 _ 1
+ 6fpmpg&)[2](u0)? - 6fpmp(ug(l))[2](u0)? - 6fpmpv[ l’O](Mo)? + 6fpmp§0|[|3](u0)f - 6fpmp€0|[|2](’40)?

1 ~ 1 - 1 - 1
+ 6fpmp(ugo||)[2](u0)? —12f,m} Vi 3y(>1(u0)F —24f ,m> ®l 3'0](140)? +24f ,m3 Wl 3'0](u0)ﬁ. (32)

Because of heavy quark symmetry, the p coupling con-
stants with the same (/, j,) between two doublets are not
independent in the leading order of HQET. The values of
these coupling constants multiplied by the decay constants
of the initial and the final heavy mesons are

gy = —&im, = —023£0.03 GeV?,

&y = &, = —033 001 GeV?,
~yy, = —0.28 £0.02 GeV?,

~5) ~5]
8SoH,p

2, = —85n, = —85y, = —027+0.04 GeV,
ghs = =gl = —0.23%0.02 GeV?,

gg’llsop = —g{;l'slp = —0.32 = 0.02 GeV?,

T 8SsiHop

~S ~8 2~S
nglHoP = _ngllH]p = _2\/;ngzH1P
= —0.03 = 0.002 GeV*,

2
~d ~d ~d
&1 = 287, = ~ 2387, = ~033 £ 0.04 GeV2,

3

~d ~d. ~d,

8rn, = \ggrgf,op =637y, = —0.11 £ 0.01 GeV?,
. . 2

8, =280, = 2\[3ggslp =0.19 * 0.02 GeV?,

_ 3. N
g%SlP = _\/;gézjsop = _\/-6—g%51ﬂ

—0.20 = 0.02 GeV?,

3
~f _ ~f _ ~f _
&rs, = —\g Fsop = —V6&%s,, =022 %0.03 GeV,

(33)

5Po = oPo 2
where gy = 8pip, S~ 12> €tc. The errors come from the

variations of 7 and w, in the working region and the
central value corresponds to 7 = 1.5 GeV and w, =
3.0 GeV. The g’s with their errors are

I
8o ey = —8W = —3.6 £ 0.4 %09 GeV ™!,

&y = ghy, = —52%02%+ 1.3 GeV~,

&Sy = —&Shp = — 8, =2.8+02%07,

gg(l)Hlp = _ggiHop = _gg:H]p =27+0.4=*06 GeV 2
ghs = =gl , = —1.4£02%04GeV,

ghls,, = —8hs, = —2.0£02%0.5GeV,

2
g;"llHUp = _283711;1”0 = —2\/;gST‘ZH]p = —0.6 =0.04 £0.2,
2
d d d
nglHOp = 2871}11,) = _2\/;?7;}11,)
=—-70*09=* 18 GeV?,

3

d d d

gT?H]p = J;gTzHOp = \/EgTiHlp
=—-22+0.1%*0.6 GeV?

2 _
87500 = 2875, = 2\/%g¥2'51p =25+02=*0.6 GeV !,

3
gé{?slﬂ = _\/;giisoﬂ = —\/ggﬁslp

=-26+02*+06GeV !,

3
gj;zlslp = _‘/;g;?zsoﬂ = _\/ggz;zzslﬂ
=29+0.4=*0.7GeV 3. (34)

The second error comes from the uncertainty of f’s. The
above relations between coupling constants are consistent
with the HQET leading order expectation.

Replacing the p meson parameters by those for the w
meson, one obtains the @ meson couplings with the heavy
mesons:
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Z0 o=~ o= —0.21£0.03GeV?,

85 oo = 8010 = —0.29£0.01 GeV?,

B 0= "8 0= "85 10=—025%0.02GeV?,

~d ~d ~d
Esotiw = —85 Hyw = ~&5 0= —0.2320.04GeV,

850 =855, = —0.210.02GeV?,

5P

250 ="8556="027+0.02GeV?,

~5 ~S| 2"‘Sl
ngHOw = _2gT1H1a) = _2J;8T2le =—0.03 +0.002 GeV4,

2
~d ~d ~d
&m0 = 281 10 = ~ 23800 = —0.3120.04 GeV?,

3
~d ~d ~d
gTle]w: EgTiHOw:\/ggTile: —0.09 =0.01 GCVZ,

b
811500 = 287150 = 2‘[§§¥2‘51a, —0.11+0.01 GeV?,

i 3 5

g%Slw - _\/;gg"zzSow = _\/gg[TJZSIw = 011001 GCV3,

~fa 3~ ) 5

&g, = —\ggﬁsow = 63}, =0.120.02GeV,
8N o =810 ="33%04%09GeV ",

8 o =80 o =—47%02%1.1GeV ",

88 o= 85 e = 88 0 = 25E0.2£0.6,

85 0= "85 e = 85 0 =23%04%0.6GeV 2,
88 0="8%5,="13202+04GeV !,

—g8ls ,=—17%01+04GeV !,

ggllsoa)
S1 — S1 — 2 S1 — + +
87 tyo = T 28710 = ~2Y380hm,0 — 7062003202,
d; —n,h — 2 d — + + -2
&0 = 28710 = ~ 23800 = ~6420.921.6GeV 7,
3 —
g;{?le :‘/;g?i[-low = \/Eg%h,lw =-20*0.1+0.5GeV 2,
2 —
gi:snw =2g’;:slw . 2‘/;5";2‘5[(” =23+02+0.6GeV !,

3
8Ti510 = —\ggﬁjsow = —\/6gpg , = —2.3+£02+0.6GeV ",

3 —
50— —\[Eg%sow = —ogh s, =25+03+0.6GeV >,
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Here we take the following values for the parameters f,,
T [15], and m,,: f,, = 0.195 GeV, fI = 0.145 GeV, and
m, = 0.78 GeV.

IV. CONCLUSION

We have calculated the light vector meson couplings
with heavy mesons in the leading order of HQET within the
framework of LCQSR. The sum rules are stable with the
variations of the Borel parameter and the continuum
threshold. Some possible sources of the errors in our
calculation include the inherent inaccuracy of LCQSR:
the omission of the higher order terms in operator product
expansion, the choice of w,, the variation of the coupling
constant with the Borel parameter 7 in the working inter-
val, and the approximation in the light-cone distribution
amplitudes of the p meson. The uncertainty in f’s and A’s
also leads to errors.

The 3-particle light-cone distribution amplitudes of the
p meson are not as well known as the 2-particle ones. This
may lead to additional systematical errors in our calcula-
tion of the p couplings involving the T doublet. However,
the covariant derivative D, has to be introduced to con-
struct the appropriate interpolating currents for the 7" dou-
blet. This demands the inclusion of these 3-particle light-
cone distribution amplitudes for the completeness of our
calculation, which is another error source.

The p coupling constants between H and H,, have been
calculated with the LCQSR approach in full QCD in
Ref. [8]. We quote the numerical results below [8]:

fB*B*p = (0.82 GeV_l,
forpr, =078 GeV™!,

fr, = 0.85 GeV~,

(37

fppp, =0.81 GeV 1.
To the leading order of HQET, these four coupling
constants share one common asymptotic value
—ng]an/4\/§ = 0.93 GeV~! in Eq. (34), where the factor
4+/2 arises from different definitions of the coupling con-
stants in the present work and Ref. [8]. In other words, the
1/my, correction to our calculation is expected to be within
20% as far as the final numerical results are concerned.

The extracted vector meson heavy meson coupling con-
stants may be helpful in the study of the interaction be-
tween two B(D) mesons. They may play an important role
in the formation of these possible molecular candidates
composed of two B(D) mesons. They may also play a role
in the interpretation of the proximity of X(3872), Y(4260),
and Z(4430) to the threshold of two charmed mesons
through the couple-channel mechanism.
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APPENDIX A: THE p DECAY AMPLITUDES OF
HEAVY MESONS

The definitions of the p coupling constants not presented
in the text are

M (Hy— Ho+ p) = I(e* - 4)ghm,  (AD)
M(H, — Hy+ p) = [ ™ghl  — (A2)
M(H, — H, + p) =1(e" - q,)(€" - nz)gﬁ?H]p
+1[(e" - m)(e" - q,)
— (e - €)n-a)lghn, (A3
M(So— Sy +p)=1(c - q)ghs,, (A4
M (S — Sy + p) = Ten'avglls (AS)
M(Sl -5 + p) =I(e" - %)(6* . ﬂx)gg?slp
+ I[(e* : 771)(6* : %)
— ("~ €)(n-q)lghls,,  (A6)
M(So— Hy + p) =1(e" - €)g8 .,
+ 1[(e" - g)(e" - q,)
— e e)gglly,,, (AT
M(S; — Hy + p) = 1(e* - n)gsy,
+1(n - q)e" - q,)
—3(e" - m)qiled ., (A8)
M(Sy— Hy +p) =17 Vgl
+ I[en< v (e" - q,)
— 37188y, (A9)
M(T, — Hy + p) = 1(e" m)g¥ u,,
+1[(n - g)e” - q,)
—3(e" a1y, (A10)
M(T,— H, + p) = Ienf*e*vgsTllHlp
+I[em 9 (e* - q,)
— %Ene*e*vq%]g;{}Hlp
+1[e"7(q, - €)
+ e g ey, (LD

014023-9
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M(T; — Sy + p) = L vghle | (A12)

M(T; — Sy + p) = I[(e" - n)(€" - q,) — (" - €)(n - g)]ehs,,
il i )+ e - €)= S e ) Jef,,

2 .
g M- e q) = Ll e g) + (6 g, €) + @ mle; - el

(A13)
M(TQ — HO + P) Inalaz(eme qvqaz + eaze qu al)gTzHOp’ (A14)

M(T, — Hy + p) = Ing,0,[€e;" + %26, — 3¢ (e - )iy,
+ I, l€ g + €%2q7" — 387" (q, - €)](e" - q,)
— e e + e — 381" e} - €)]aNe Ty,
+In40,12e;" a7 (q, - €) + g7 e, (g, €) — 247" ¢ (] - €")]
+e" g + € gl — 281" (g, €)](e" - q) — [ e/ + "€ — 27 e - €9)]aT}et 2y,

(A15)
M *ay ay ko, 2 Qs p2
(Ty = So+p) =IMaya,| € 'qi +qi'e; ™ — ggz (e* - q,) 8T,S0p
2
q aya k) a ay ka ;
+ Ina,az{qz ie” g, — 5’ (g (e" - q) + e, q” + g/ e ZJ}g‘gsop’ (A16)
. s ka2 aray e
M(T,— S, +p) = Inalaz[_fa‘e et — e e, + 38 rec e qv]g%lslp
+ Inalaz[eale e vqaz + 60176 e’ Uqal + Gale Ve ’12 + eaze qve *al]gTz S,
+ Inalaz{fa’f*q“ﬁz(e* Sq) + € g (e - q)
q? . . . .
_ ?I[que qve;kaz + ex€ qve:‘al + eui€e vqt% + 6aze'e v ]}gTlep (A17)
[
Note that these decay amplitudes may be organized in i
another vgay For example, the tensor structure correspond- dixe™ " Xp(g)I T -1/ 2)(0)] 1,—,(1/2) (x)}0)
ing to gH n,p Was defined as (e* - v)(e" - n,) in Eq. (28) of _ e ol ,
Ref. [8] rather than (e* - q,)(€* - ;,) in Eq. (A3). Since we = e Gy Hop(w’ '), (A19)
have (e* - g,) = —(g * v)(e" - v), the essentially same sum
rule as Eq. (24) of *Ref. [8]*can be obtained if we isolate the j.d“xe‘ik'x(p(q)lT{Jf— (1/2) (O)Jm (1/2@HO)
tensor structure (e - v)(e* - n,). o
To derive sum rules for these coupling constants, we =g @B (o . C]t)GH Hlp(w w')
consider the following correlators: iy
+ (e;ka% —qle )GH H p(a), '), (A20)
[d4xe7ikw<p(q)|T{JO,7,(1/2)(0)J(J)r,,’(1/2)(x)}|0> fd4xe_ik'x<p(q)|T{JOV_,_,(1/2)(0)]&_'_’(1/2)(x)}lO)
= (" )Gl p(@, @), (A18) = (¢" 4G, (0, o), (A21)

014023-10
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[ dxe o @ITUo 201 5y 0HO) Jdtxe o @ITo -2 O] ) 0HO)
= e Gl (, o), (A22) = €i"Giimp(w, @)

+ [q?‘(e 1) — —e}"“q?]G‘%}Hop(w, '),
Jdxe B @ITIL 1y 1% oy 0)
= giP(e" - q)GLs (0, o)
+(e;%qP — qieP)GEs (o, ), (A23)
[ dxe o @ITUo 20 ) (0HO)

[d4xe_’kx<P(61)|T{Jf_(1/2)(0)Jg+(1/2)(x)}|0> = ea¢ qugls p(w, wl),
120

= e,BGnglp(w ')
+ [ Ple" - q,) — —e?"q%]Gg’;Hlp(w, '), (A24)

Jdxe E@ITUE 1y O] oy 0)
Jdtxe o @ITo -2 O] 2y 0HO)

= gt'g(e %)Grlslp(w w)
=Gy (0, @)

+ (e Qt — 4 etB)GT Slﬂ(w’ w'),
+ [q?(e a) — —et “q; ]GgllHop(w’ '), (A25)

[ dhxe X p(@ITUT_ O 1/ (WHO)

— ea,Be UGg'lHlp(w’ Cl)/)

1
+ I:faBCIv(e* . Qt) _ §ect,Be v 2]G§”H1p(‘” w)

[ e o T 17O (OHO)

(Gale qvqa2 + exequ C"‘)GT2 (w, @),

Hyp

(A26)

[ dixe =  p(@)| TP, » (01302, (}0)

% 2 %
[gi”ﬁ g el = S e B:IG‘TIZH p(@ o) + {[ PPai + gy -

1 % # 2 % @k
__[gflﬁe’% taite — 3 ]q‘}G%‘Hlp(w, o) +[20e;" g qf + g e} qf — 247" g% e/P)

2 oy
Seiaf e a)

3
+(g1"P g + Pl — 2871 ql) e - q)) — (8P e + g e — 2871 eP)?1G Py, (0, ),

Jtxe E @It /(O35 (OHO)
# 2 )
= [emqr + arei = 2 e g) |67, o0 + fartar e )

2
q a o *ay a *a 2
- g’[g,‘ " q) +eq” + g 2]}G‘§zsop(w, '),

014023-11
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[ d'xe X p(@)ITUL, | ) (0)73%, ()}H0)
= [Fenemget - encugt 4 2 grresenan 61w, )
+ [euPev gt 4 gmbPevg® 4 gniBqu ot 4 gmBau, "a‘]GT o5, p(@, @)
N {e“lﬁ‘/”q,az(e* Cg) + e=PgTi(er - g) — %[Galﬂqve;’ﬂz + @BV I | gaiBev g 4 carfet pa ]}

X Glig (0, ). (A33)

APPENDIX B: THE DEFINITIONS OF THE p MESON LIGHT-CONE DISTRIBUTION AMPLITUDES

The definitions of the distribution amplitudes used in the text read as [15]

(A)
0l(2)y e d(—2)lp~ (P, A)) = fpmp[pM -

. 1 .
€z (u, u?) + e(fL j;) due’fp'zg(f)(u, w?)

LoeWez o (1 2
3 o Z)zmpfo due'*Pzgy(u, u?) |, (B1)
. - 1 vaB (3 L g @, 2
<0|M(Z)yM75d(_Z)|p (P’ )\)> = _fpmpe,u ej_ypazﬂ due's? 'gL (u’ M )! (B2)
2 0

1 .
Ol d -2l () = if | €, p, = p) [ duer<o L w u2) + (puzy = pr2)

). 1 1
e < iEn- i
X Wm%/;) duelfp Zhht)(u, ILLZ) + E(e(fLZV (A)ZM)—[ due i£p: Zh3(l/l ILLZ)]
(B3)
1 .
Olaz)d(=2)|lp~ (P, 1)) = —ifF(eWz)m? f due’rh (u, u?). (B4)
0
|
The vector and tensor decay constants f, and f} are <0|ﬁ(2)géw7a75d(_2)| p (P, A)
defined as N N
= fpmppa[pue_j_M —Pu€l, ]./’Z\(‘U PZ)
_ _ . ) e@ . N
0la(0)y,dO)p~ (P, X)) = fympen’,  (BS) + fomd S p gk, = pgk O, p2)
.
eW .z -
+ fpmiwpa[mzy = P2, ]9 (v, pz) (B7)
Ola©0)e,,,dO)lp~ (P, V) = if(efl'P, — e'P,).
(B6) <0|ﬁ(z)gG,uvl’)/ad(_Z)lpi(P»
( ) fp ppa[pvelﬂ - p,u,ej_)v(v PZ)
T(h;c dl(St)I‘lbuthH amplitude ¢ and ¢ are of twist-2, g’ N
s hy”, and h" are tw1st 3 and are twist-4. All 3¢ "2 L L
81 + fom, ——— oy — Pv€au P, pz
fuIlCthHS ¢ = {Jqon, o1 el g h ﬂgf 3 , &, h3} are nor- Somy Pz Pug Pr8anl®v. p2)
malized to satisfy [} due(u) = 1. eW .,
The 3-particle distribution amplitudes are defined as + fomy— PalPuz, — P2 ¥, p2), (B8)
(p2)

[15]
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0li(2)00p8G y(v2)d(=2)| p~ (P, A))

.
e Z

— meS
PPP2p - z)

A
+ fhmlpaet, g,

W 1

A A
+ fim2p.el g, Mes

- pﬂelﬂgall - paej_y

- p,uej_ﬁgcw - pvej_a

(1)

(Y]

PHYSICAL REVIEW D 80, 014023 (2009)

[PaPu8B, — PpPu8ar = PaPv8E, + PpPv8aulT (v, p2)

W, L

4
géu + pﬁeiygtw]Tg (v, p2)

(1)

4
gh, + poelyet, I3 (v, p2)

me2
+ PpZP [pap,u,e(f)ﬁzu - po,u/e(nyZV - papve(fzgz,u, + PBPueTLZM]T@(U’ pZ)
7,2
N fpmp[ N N N e 2 7O (0, pz) + (B9)
pz pap,u, J_VZB p,Bp;L 1% PaPv J_MZB pﬁpv J_quoz 4 » P2
0li(2)gG ., (v2)d(—2)|p~ (P, A)) = if,fmf,[e(pry — e0) p, IS(v, p2), 01a(2)igG ,,(v2) ysd(=2) | p~ (P, 1))
= ifIm3e) p, — €1\ p 18w, p2), (B10)
where
A (v, pz) = f Dae™Pa=aatvad A (a), (B11)
etc. The integration measure is
1 1 1
[I)ng dad[ dau[ dag5(1 —Zai). (B12)
0 0 0

The distribution amplitudes A, "V, and T are twist-3 and the others are twist-4.
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