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The strong coupling form factors related to the strong vertices of the positive and negative parity
nucleons with the heavy A[X(] baryons and heavy B*[D*] vector mesons are calculated using a three-

point correlation function. Using the values of the form factors at Q% =
coupling constants among the participating particles.
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I. INTRODUCTION

The recently achieved progress in the experimental
sector related to the charm and bottom baryons has
provided important clues and motivations for the theoretical
studies in this area. The necessity for a better understanding
of the properties of these baryons such as their masses,
structures, and interactions with other particles has
increased the theoretical interest in them. Their various
properties were studied using different methods. For
instance, their masses were studied in Refs. [1-5] (see
also the references therein) via various methods such as
quenched lattice nonrelativistic QCD, the QCD sum rule
approach within the framework of the heavy quark effective
theory, the constituent quark model, QCD sum rules, and a
theoretical approach based on modeling the color hyperfine
interaction. References [6—19] and references therein pro-
vide some examples in which their strong and weak decays
were studied.

This work provides an analysis of the strong couplings of
the heavy A,y and X, baryons to the positive parity
nucleon N /negative parity nucleon N* and heavy B*/D*
vector meson. Here, by N* we mean the excited N(1535)
nucleon with J* = %‘. Such couplings occur in a low-
energy regime that precludes us from the usage of the
perturbative approach. The strong coupling constants are
the basic parameters to determine the strength of the strong
interactions among the participated particles. They also
provide us a better understanding of the structure and
nature of the hadrons participating in the interaction. They
can also provide valuable insights to improve our under-
standing of the perturbative and nonperturbative nature of
the strong interaction. Furthermore, these coupling con-
stants may be useful for explanation of the observation of
various exotic events by different collaborations. In

*kazizi@dogus edu.tr
yasemm sarac @atilim.edu.tr
*hayriye.sundu@kocaeli.edu. tr

1550-7998,/2015,/92(1)/014022(9)

014022-1

—1MZ son» WE compute the strong

PACS numbers: 14.20.Dh, 14.20.Lq, 14.20.Mr, 14.40.Lb

addition, one may turn to these results in order to explain
the properties of B* and D* mesons in the nuclear medium.
The nucleon cloud may affect the properties of these
mesons, such as their masses and decay constants in the
nuclear medium, due to their interactions with nucleons
(see, for instance, the Refs. [20-25]). Therefore, the present
study is also helpful in identifying the properties of these
particles in the nuclear medium.

Here, we calculate the strong form factors defining the
strong vertices A,NB*, A\,N*B*, X,NB*, Z, N*B*, ALND*,
AN*D*, £.ND*, and Z.N*D* in the framework of the
QCD sum rule [26] as one of the powerful and applicable
nonperturbative tools in hadron physics. By using
Q% = —m2eon» We then obtain the strong coupling con-
stants among the participating particles. This method has
been previously applied to investigate some other vertices
(for instance, see Refs. [6,17,27-29] and references
therein).

The paper contains three sections. In the next section, we
calculate the strong coupling form factors in the context of
the QCD sum rule approach. Section III is devoted to the
numerical analysis of the results and discussion.

II. THE STRONG COUPLING FORM FACTORS

In this section we calculate the coupling form factors
defining the vertices among the hadrons under consider-
ation using the QCD sum rule method. The starting point is
to consider the following three-point correlation function:

_l /d4 /d4ye sz ip'y

x (O[T (In(») 73 (0)I5(x))[0), (1)

where 7 is the time-ordering operator and g = p — p’ is
the transferred momentum. In this equation, J; denote the
interpolating fields of different particles, M symbolizes the
B* or D* meson, B stands for the A or £, baryons, and

N shows the nucleon with both parities.
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The three-point correlation function can be calculated
both in terms of the hadronic degrees of freedom and in
terms of the QCD degrees of freedom. These two different
types of calculation are called the physical side and the
OPE side, respectively. The results obtained from both
sides are equated to acquire the QCD sum rules for the
coupling form factors. For the suppression of the contri-
butions coming from the higher states and continuum, a
double Borel transformation with respect to the variables
|
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p2 and p/2

sum rules.

is applied to both sides of the obtained

A. Physical side

For the physical side of the calculation, one inserts
complete sets of appropriate M, B3, and N hadronic states,
which have the same quantum numbers as the correspond-
ing interpolating currents, into the correlation function.
Integrals over x and y give

Py, (OLININ(P', ") (Ol I M(q))(N(p',s") M(q)I1B(p. s))(B(p,s)|J5l0)
Hﬂ (Q) - 2 2
(p? —mB)(p - my)(q* —miy,)
+<0|JN|N*(p/’S/)><O|JM|M(Q)><N*(I7 s\ M(q )|B(p,s)><5(p,s)|.73|0>+ 2)

(p? = m)(p" = m}.)(g* —m3y)
stands for the contributions coming from the higher states and continuum and the contributions of both positive

where - - -

and negative parity nucleons have been included. The matrix elements in this equation are parametrized as

(OUNIN(P'.s")) = Ayuyn(p'.s').
(O NIN*(P', ")) = An-rsun-(P'. s").
(Bp(e) (P, S)|JBb 0) = 4g,, g, (P, $),
(O IM(q)) = mpf meps

(N(P ) M(Q)IB(p.s)) = iy (. o) [gm

= e’ity-(p', s")ys [gi‘n

e g ), N 0 M)

Lo ap.), ®)

where Ay(y+ and Az are the residues of the related baryons, uy(y-) and up are the spinors for the nucleon, A,(A.) and
>, (Z,) are the baryons, and f  represents the leptonic decay constant of B*(D*). Here g; and g, are strong coupling form
factors related to the couplings of the B baryon and M meson to the positive parity nucleon N, and g; and g; are those
related to the strong vertices of the 3 baryon and M meson with the negative parity nucleon N*. Application of the double
Borel transformation with respect to the initial and final momenta squared yields

2 2
m2 mNerN*

A " N
BIT (q) = Agfae e v [ D1y, + Popq, + P3gp, + Pady,] + -, (4)
where e "
_ m 2 2 2 2 *
o, = A (= " A "
1 (5 ) (e — ) [6’“ n(g1 + g2)(mp + my-)(=my + mymp + q°) + ew” Ay-(g; (mp + my-)
T g5(mg — my)) (e + e — qﬂ ,
1 n
o, = {eMIZﬂN(Ql (m% — m%) + gymi,)(mp + my-)
mp(mp + mN*)(mg\/l -q°) N o M
ﬁ
T e Ay (g — m) (g (s + my- ) — g;mm] ,
2 lﬂ;,z
m g 5
By = — [z (s + my-) (g1 (mis + my) + gomy)
(mag+ my)(mp + mN)(m% - q°) N N N N
ﬁ
— e Ay (s + my) (g1 (ms + my.) — gzmm} ,
m;} m%\,
mpgm — ) « *
¢, = £ Mz 2 [_eM/ZlN(gl + g2)(mp + my:) + en” Ay (gi (mp + my-) + g5 (mg — my-)) |, (5)
(mp + my-)(m5, — q*)

with M? and M" being the Borel mass parameters.
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B. OPE side

For the OPE side of the calculation, the basic ingredients are the explicit expressions of the interpolating currents in terms
of the quark fields, which are taken as

x) = €gpeut”’ (x)Crsd” (x)(ble])* (x),

Iapy (X) =
Tz, (%) = €ape(u (x)Cr,d” (x))ys7,(ble])* (),
(v) = egje(u” (¥)Craul (y))ysypd’ (),

p(0) = #(0)y,b[c](0), (6)

In(y
0

with C being the charge conjugation operator. By replacing these interpolating currents in Eq. (1) and doing contractions of
all quark pairs via Wick’s theorem, we get

H;E)PE(CI) = iz/d4x/d4ye_ip'xeip/'y€abc€ijf{}’SVﬁSZj(y —X)VSCSTT()’ —X)CVﬁSZh(y)J’ﬂSZ[i](—x)
= vs7pSq (v = X)rsCS (v = x)CrpSth(»)7,Sif (=)}, (7)
for A,N®)B* and A_N*)D* vertices and
¥ (q) = i2 / d'x / dlye P2 ey €0 {ysypSq (v — X)r,CS (v = %) CrpSet (v)1, Sk (=X)7.7s
— 751583 (v = ), CS (v = X)CrpSi ()1, Sty (=%)ro7s} (8)

for the =, N*)B* and XN D* vertices. In these equations, SZ[C] (x) and S;j[ Y (x) correspond to the heavy and light quark
propagators, respectively. The heavy quark propagator in the coordinate space is used as [30]

aﬂ 2

. i , i 95Gij oap(k+mp(e) + (K +myi)ons 7 /a,GG k> + myp gk
Slj — d4k —ik-x 2 | o [ R S,

) (277)4/ ‘ {k —mpg 4 (k? = mj)? 3 G

©)

where we take the heavy quark mass to be finite and do not use any approximation. For the light quark propagator, we use [30]

ij . X m (qq) x? _ .m gsGe
S0 = 5t = s = (1050 )2 g iaa) (1 =170 oy = 5y e o+

(10)

where ¢ is either a u or d quark. Using these propagators in Egs. (7) and (8), we get the OPE sides of different vertices in
coordinate space, after which we perform Fourier transformations to go to the momentum space. For this, first we use

1 dP . I'(D/2—-n 1\ D/2-n
[A2]n = / (Zﬂ)tD 6_”'Al'(_1>n+12D_2"ﬂ'D/27( If(n) ) <_t_2> (11)

in the D dimension. Then, the four-integrals over x and y are performed after the replacements x, — i% and y, — —i %.
14 H

This procedure brings two Dirac Deltas that are used in performing other two integrals existing in the calculations. Finally, the
Feynman parametrization and the formula

[t Y TS 2re g "

ST T(2)T(a)[=L]* 2

are used to perform the last four-integral. After lengthy calculations (see also Refs. [28,29]), we get

014022-3



K. AZIZI, Y. SARAC, AND H. SUNDU PHYSICAL REVIEW D 92, 014022 (2015)

%5 (q) =10, (¢%)7, + ()79, + T5(4°)gp, + Ta(q) 4y, + other structures, (13)
where the IT;(¢?) functions contain contributions coming from both the perturbative and nonperturbative parts and are given as
pert non—pert )
/ds/d//)l SS q)+/)1 2(S,S,q). (14)
- p’)(s" = p")

The spectral densities p; (s, s, g*) appearing in this equation are obtained from the imaginary parts of the II; functions as
pi(s,s'.q*) = %I m(I1;]. Here, as examples, only the results of the spectral densities corresponding to the Dirac structure y,, for
the A,NB* vertex are presented, which are

,2
mym,s

647 O O[L(s,s",q*)] + /01 dx/ol_x dymiﬁ{mixz()(’ + 2x)
X (X 4 y) 4+ ¢*xy[By(X = DX(X + 4x) = 22" (3x + X') 4+ 2y*(15x2 — 14x + 2)]
= 2> X[xyX'(s(2 + 15x% — 18x) — 8" (X" = 3)) + y*(2sx(1 — 10x + 15x?)
—4sx2X" — §'(1 = 21x 4 41x% — 15x)) + 5'y3 (1 — 17x 4 30x?) — 4sx2X""]
+ m3x(m, (3 = 5x 4 2x2 = 2xy) + 3mg (X' + x)X) + X2[s"y(5y — 8xX"
— 34xy — 6y% + 15x%y + 30xy?) + 3s2x%(1 — 4y — 6x + 5x% + 10xy) + 2s5'x
X (5y = 9y? — 4xX' 4+ 15x%y — 26xy + 30xy?)] + 2m3x[q*(3xX' — 3y + 16xy
+ 8x%y — 4y? + 16xy?) + X(s'(3y — 3xX’ — 16y + 8xy — 4y? + 16xy?)
+2sx(1 = 3y = 5x + 4x? + 8xy))] + mp[3my X (sxX (X' = 1) + y(s'u — ¢°x)
x (3y = 1)) + m, (sxX(6 — 9x + 3x* = 3xy) + y(¢*x(4x = 3x> + 3xy + y — 1)

pert

AN (s, 5. qP) =

+ 35 XX = 35"y X (X +2)))|}O[Ly(s. 5. ¢2)], (15)
and
non—pert <I/t > 2 2
pI" P (s, 8" q7) = ™ ZQ[ s'(my, = 2my) — q*my|®[L, (s, 5", q°)]
I-x 1 -
—|—/ dx/ dy ——[(dd)(my(2x + X)X = my,(x + XX') = m,X)
0 0 8- X
() (my (33 + 352 = ) — my(x + &) — 2y X)|O[La(s, o 4°)]
G? 1
- <0!s 7> 11522207 9m, Q3 (my —2m,,) + s'Q*(3my,(my + m,) + 247)
+ 33/2 (m?y - 2q2mb(mb - mu) + q4)]®[L1(Sv S/, qZ)]
1 1-x G? 1 R
d d — Yy ——=[3X" (2 X’ 2(15 39X —20
# [ [T (0 ) g B ek A 4705 4 )
+y(2x + X)) + X (11X = 1) + 6y*(2x + X')]|O[L,(s, 5", ¢°)]
1 - _
" 192220 [m(dd)(6my, + 4m ) + m§(uii)(Tm, —3my — 18m;,)|O[L, (s, s, ¢*)], (16)
where
X=x+y-—-1,
X =x-1,
Q=ml-q*,
Li(s.s'.q%) =5,
Ly(s,s',q*) = —mix + sx — sx*> + 5’y + ¢*xy — sxy — s'xy — s'y%. (17)
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The ©]...] in these equations is the unit-step function. As already stated, the match of the results obtained from the physical
and OPE sides of the correlation function gives the QCD sum rules for the strong coupling form factors. As examples, for the
form factors related to the A,NB* and A, N*B* vertices, we get

2 2
mAb m_N(mZ* _ q2)
D — e B 1/

{m%* [mj‘\b (H3 - 2H2) - ZVmNmN*l_L‘ - 2m?\b (mN*Hz + H4)

+ my, (2¢°T0y + (m§ — mymy- ) (my Tl + 211,))
- m?\b (mNmN* (2H2 - H3) + m,zv*H3 + m,z\,(H3 - 2H2> + 2mN*H4 - 2H])]

+ (my, — my-)(my, 4 my ) [mp, mymy-VIz = 2mymy- VI, + m‘[‘\bH3 + 2¢°my, 11,

+m3, (210 = (myV + my. )13)]},
"y T (m,

Ay —g¥)(my+m
) — e ey = )+ )

AvH

{=m3 T + mym} Tl + my, my. VIl

+ mN*mib (sz*H:; — mNH3 - 2H4) + 2mAb(mN(m%,* - q2) + mN*qz)H4 — 2m}v*VH4

+ mp.(my, = V) (my, (2mp, Ty — my g + my-Tl3) + 2(my, — my)Ty)
- m%b (mN»« (mNmN*H3 - 4mNH4 + 4mN$H4) + 2VH1)},

W o

Y % (mp = q°)
w(42) — en? eM’z B
gl (q ) AN*H

{(mn, = my)(my, +my)[m3 T + my, mymy- VI

+ 2mymy- VI + 2my, q°Ty + m3 (200, — (myV + my. 1))

—+ m%* [mNmN*mAbVH3 —+ Zmib (mNH2 - H4) - ZmNmN*Vl_L‘
+ mih (H3 — 2H2) — 2mAb (mN*V — qZ)H4 + m%h (mlzv* (2“2 — H3) — mlz\,l—[3
+ my (21 + my-Tl3 — 2my:I1y) + 210 ]},

m2 ”12
9*(‘12) = E%EM_’AZI (m%* ~ qz)(mA” * mN*)
2 InH

5 3 4 3
{(my, +mp,myV +m} my- )l +my my

X ((V - mN)H3 - 2H4) — Zm?\,Vl—L; + 2mAb (m,z\,mN* + CIZV)H4 - m%,* (mAb - V)

X [my, (2mp, Xl = (my, + my)IL) + 2(my, + my)TL] = m3 [my (mymy-T1y

— 4mNH4 -+ 4mN*H4) — 2VH1]},

where

(18)

H= 2fB*3Ame*m%xb<mAb = V) (my + my-)(mp. + m%b — mymy, —my +my-(my +my,) = my.),

V= (mN - mN*)'

III. NUMERICAL RESULTS

To numerically analyze the sum rules for the strong
coupling form factors and to find their behavior with
respect to Q> = —g?, we need some inputs as presented
in Table I. Besides, we also need to determine the working
regions corresponding to the four auxiliary parameters, M2,
M", sq and sj. The M? and M"> emerge from the double
Borel transformation and s, and s; originate from con-
tinuum subtraction. These are auxiliary parameters; there-
fore, we need a region of them through which the strong
coupling form factors have weak dependency on these

(19)

|
parameters. The continuum thresholds are in relation to the
first excited states in the initial and final channels. To
determine them the energy that characterizes the beginning
of the continuum is considered. Table II presents intervals
of the continuum thresholds used in the calculations. To
determine the working regions for the Borel mass param-
eters, we need to take into account the criteria that the
contributions of the higher states and continuum are
sufficiently suppressed and the contributions of the oper-
ators with higher dimensions are small. The intervals
obtained based on these considerations are also given in
Table II. As an example, we show the dependence of the
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TABLE I. Input parameters used in the calculations.
Parameters Values
(iu) (1 GeV) = {(dd)(1 GeV) —(0.24 £0.01)% GeV? [31]
<a.vTGZ> (0.012 4 0.004) GeV* [32]
m3(1 GeV) (0.8 £0.2) GeV? [32]
m, (4.18 £0.03) GeV [33]
m. (1.275 4 0.025) GeV [33]
mg 48793 MeV [33]
m, 2.370¢ MeV [33]
mp: (5325.2 £ 0.4) MeV [33]
mp: (2006.96 4+ 0.10) MeV [33]
my (938.272046 + 0.000021)
MeV [33]
iy 1525T01535 MeV [33]
my, (5619.5 +0.4) MeV [33]
my. (2286.46 4+ 0.14) MeV [33]
my, (5811.3 £ 1.9) MeV [33]
my, (2452.9 + 0.4) MeV [33]
s (210.374) MeV [34]
I (241.97/91) MeV [34]
2% 0.0011 + 0.0005 GeV® [35]
Ay 0.019 £ 0.0006 GeV? [36]
A, (3.85 £0.56)107% GeV? [37]
Is, (0.062 £ 0.018) GeV? [38]
An, (3.34 4+ 0.47)1072 GeV? [37]
Js, (0.045 4 0.015) GeV? [38]

strong coupling form factor g;, . on M? and M™ at fixed

values of 02, s, and s¢ in Fig. 1. From this figure we see
that the dependence of the coupling form factor 91,5 ON

the Borel parameters is weak at their working intervals.
In this part, we use the working regions of auxiliary
parameters together with the other inputs to obtain the
variation of the coupling form factors in terms of Q%. Our
calculations show that the couplings are truncated at some
points and we need to extrapolate the results to the regions

10 12 14 16 18 20
5 . . . . 5
——M*=2 GeV’, 5,=33.9 GeV’, 5/ =1.3 Ge\V/|
4 {4
B
(JI
S 34 43
*m
z
<.Q
o
24 42
1 T T T T T T T T T 1
10 12 14 16 18 20
M*(GeV?)

PHYSICAL REVIEW D 92, 014022 (2015)

that the strong coupling constants are calculated. For this
purpose, the following fit functions are used:
(1) fit function 1

Q2
gsvm(Q?) = ¢ + crexp [— 6_3] . (20)

(ii) fit function 2

_ 90
1-aZ +p(%)
B B

9svm(Q) (21)

(iii) fit function 3

gsnm(Q?) = By + B10? + B,(0%)%,  (22)

where ¢y, ¢y, ¢3, 9o, a, b, By, By, and B, for different
vertices are given in Tables III-XIV. To see how the above
functions fit to the QCD sum rule results in reliable regions
and how they differ from each other in the extrapolated
region, we depict the dependence of, for instance,
Iy (Q?) on Q7 at fixed values of the auxiliary param-

eters and for all fit functions in Fig. 2. From this figure we
see that all parametrizations fit well the sum rule results, but
differ slightly from each other at the extrapolated region.
The fit functions are used to attain the coupling constants at
Q? = —m}, for all structures. The results for different
coupling constants and different fit functions are presented
in Tables XV-XVII. The presented errors in the results
arise due to the uncertainties of the input parameters as well
as uncertainties coming from the determination of the
working regions of the auxiliary parameters. From these
tables we see that the results obtained via different fit
functions over all are close to each other, although we see
some small differences in some values obtained using

1.0 15 2.0 25 3.0
5 . . . 5
——M’=15 GeV’, 5,=33.9 GeV*, s'=1.3 GeV*
44 14
B
‘\I‘I
S 34 13
*m
z.
<_Q
)
- 24 12
1 T T T T T T T 1
1.0 15 2.0 25 3.0
M?(GeV?)

FIG. 1. Left: gy, . (Q? = 0) as a function of M?. Right: 1y, (Q* = 0) as a function of M".
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TABLE II. Working intervals for auxiliary parameters.

PHYSICAL REVIEW D 92, 014022 (2015)

Vertex 50(GeV?) 54 (GeV?) M?(GeV?) M" (GeV?)
A N B 32.71<57<35.04 1.04<5,<1.99 10<M?<20 1<M”<3
3, N B* 34.91<5,<37.40 1.04<5,<1.99 10<M?<20 1<M"”<3
AN®D* 5.71<5,<6.72 1.04<5(<1.99 2<M?*<6 1<M”<3
2 N D 6.51<5,<7.62 1.04<5,<1.99 2<M?<6 1<M” <3
TABLE III. Parameters appearing in the fit function 1 of the
coupling form factors related to the A,N*)B* vertex.
TABLE VIII. Parameters appearing in the fit function 2 of the
€l C2 c3(GeV?) coupling form factors for £, N/ B* vertex.
q1(Q*) —244+0.68 —0.34 +0.10 —17.88 £5.18 P b
3.(0%) 22.92 £+ 6.64 387+1.12 16.85 £+ 4.89 0
g (0% —621+1.73 -2676+£801 -193.72+£56.17  41(Q%) 1442 +£4.32  -245+071 8.18 £2.37
g(0?) 882742560  9.65+2.70 2432+£7.05  ¢(Q°)  —2193+658  -035£009  -02140.06
g;(0%) 11.81 £3.54 -3.61 £1.05 495+ 1.39
75(0?) 32.71 £9.81 0.13+£0.04 —0.20 + 0.06

TABLE IV. Parameters appearing in the fit function 1 of the
coupling form factors related to the X, N*)B* vertex.

c ) c3(GeV?)
91(Q?) 297.08 £89.12 —282.66+81.97 —225.11467.53 L .
5(0?) —18.12 £5.07 382+ 1.14 14.06 + 4.08 TABLE IX. Parameters appe?r;ng in the fit function 2 of the
g:(0?)  87.60+25.40 —8234+23.87 -2488+721  Coupling form factors for ANTD” vertex.
(0%  31.80£9.22 0.90 £0.26 —6.70 = 1.94 % a b
91(0?) 2.26 £0.63 —0.31+£0.09 —1.55+0.46
L . 9:(0?%) 512+1.53 —0.31+0.09 —0.09 +0.03
TAB%E \; Pz;rameters1ap1;(>1ear1nlg1 H/l\ th()z*>ﬁt*funct10n 1 of the 7(0?) 3.32 + 0.99 —0.17 + 0.05 —008 +0.02
coupling form factors related to the A N D* vertex. gE(Q 8.80 4 2.49 0.69 + 0.19 0.64+0.19
Cq Cy C3 (GeVz)
q(Q?) 1.28+£0.36 0.92+£0.27 —155.98 £45.24
¢(0*) 3.88£1.13 1.27 £0.38 3.60 £ 1.04
g;(Q*) 3.01£0.87 (17.97 £5.21)10™* —2.77 4+ 0.80 TABLE X. Parameters appearing in the fit function 2 of the
g5(Q?) 11.52+3.23 —2138+0.71 2.26 + 0.66 coupling form factors for LN D* vertex.
90 a b
TABLE VI. Parameters appearing in the fit function 1 of the 91(0?) 423+123 —1.80=+0.54 6.72 +2.02
coupling form factors related to the ZCN<*)D* vertex. 9:(0%) —469+131 —0.08 +0.02 —0.19 + 0.06
. N g;(0%) 1.66 £0.46  53.52+£1498  —342.74 £ 95.97
a @ c3(GeV') 5(0%) 17.98 £5.03 0.05 £0.01 —0.11+£0.03
q(Q?) —6.94+2.01 11.18 £3.35 8.30+2.41
¢ (0%) —464+135 —(1.414+04)1072 1.53£0.45
gi(Q%) 2637 £7.65 —23.18 £ 6.49 -11.03 £3.20
g (0%  1547+4.48 2.22 £0.67 —6.34+1.84
TABLE VII. Parameters appearing in the fit function 2 of the TABLE XI. Parameters appearing in the fit function 3 of the
coupling form factors for A,N*)B* vertex. coupling form factors for A,N*)B* vertex.
9o a b By B,(GeV~?) B,(GeV™)
9:1(0%) —2.79 +0.81 021 £0.06 -0.19+0.05 g1(Q%) —2.79 £0.81 (-18.65 4 5.59)1073 (=7.02 £ 2.11)10~
9.(0?) 26.79 £+ 8.03 -0.27+£0.07 —0.18+£0.05 9.(0?) 2678 £8.02 —0.22+0.06 (5.23 £1.50)10°
g;(0?) -32.97 +£9.89 0.13+£0.04  0.013 +0.003 g;(0?)—32.97+£9.89 —0.14£0.05 (-3.66 + 1.10)107*
5(0%) 9793 +£2937 -0.13+0.04 —-0.07£0.02 5(0%)97.92+£29.36 —0.39 £0.11 (6.66 £+ 1.86)10~
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TABLE XII. Parameters appearing in the fit function 3 of the
coupling form factors for £, N*)B* vertex.
By B,(GeV~2) B,(GeV™)

(0% 1441+430 -125+0.37 (-2.85+1.01)1073
(0% —21.94+6.59 0.27£0.08 (-9.2542.77)1073
g;(0?) 525+£1.57 -328+£095 —0.06=+0.02
5(0%) 3243 4+9.52 0.17£0.05 (16.45+4.93)1073
TABLE XIII. Parameters appearing in the fit function 3 of the

coupling form factors for AN D* vertex.

BO Bl (GeV‘z) Bz(GeV_4)
g1(Q?) 220£0.61 (627 +1.88)10° (—1.10+0.33)105
(0?) 5.13+1.54  —0.31+0.09 0.03 + 0.01
gi(Q%) 3.10£0.93 (—24.94 +7.84)1073 (2.33 £6.99)10~*
g5(0%) 9.03+£2.53 0.97 +0.27 —0.11 4 0.03

TABLE XIV. Parameters appearing in the fit function 3 of the
coupling form factors for £.N*)D* vertex.

B() Bl (Gev_2) Bz (GeV‘4)
(0% 422+ 1.21 —1.44+£0.40 0.11 £0.03
9.(0?) —4.86 + 1.41 0.16 = 0.05 —0.04 +0.01
g’l‘(Qz) 1.40 + 0.42 —-1.37+£0.38 —0.19 £ 0.06
5(0%) 17.46 £5.24 0.39 +0.12 0.04 +0.01
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FIG. 2 (color online). g, e (Q?) as a function of Q? at average
values of the continuum thresholds and Borel mass parameters.

different fit functions. These small differences in the central
values mainly belong to the fit function 3 and the strong
coupling constant g,. By considering the uncertainties in
the results we can say that the numerical values of different
strong coupling constants corresponding to various vertices
obtained via different fit functions are roughly consistent
with each other and are roughly independent from the
choices of the fit functions. The maximum value belongs
to the coupling constant g; associated with the vertex

TABLE XV. Values of the strong coupling constants for the vertices under consideration for fit function 1.

Vertex 19:(Q* = —m3,)| |92(Q* = —m3,)| |91(Q* = —m3,)| 192(Q% = —m3,)|
A, N® B* 2.51+0.75 43.73 £13.11 29.32 £8.78 119.26 £ 35.77
¥, N B* 47.87 + 14.35 46.83 + 14.04 61.25 £ 18.37 31.81 £9.54
AN D* 2.05+0.61 7.78 +£2.33 3.01 £0.90 2.60+0.78
z. N(*)p* 11.21 £3.36 4.64 £1.39 10.29 £+ 3.08 16.65 +4.99
TABLE XVI. Values of the strong coupling constants for the vertices under consideration for fit function 2.

Vertex |9:(Q* = —m3,)| |9:(Q* = —m3,)| 91(Q* = —m3,)| 193(Q% = —m3,)|
A,N® B* 2.68 £0.77 43.58 £+ 13.07 29.17 £ 8.68 117.55 £32.91
¥, N&) B* 45.67 £ 13.71 49.05 £ 13.74 59.58 £17.28 35.12 £10.54
AN D* 2.41+0.75 7.22+2.17 4.03+1.17 3.66 +1.10
z. N(*)p* 10.51 £3.15 5.46 +1.53 8.97 +2.69 18.25+5.29
TABLE XVII. Values of the strong coupling constants for the vertices under consideration for fit function 3.

Vertex 19:(Q* = —m3,)| 192(0% = —m3,)| l91(Q% = —m3,)| |9:(Q = —m3)|
A, N®) B* 2.82+0.87 37.35+10.47 29.36 £+ 8.81 114.38 £32.03
%,N*) B* 47.64 £ 13.81 37.15+11.14 53.17 £ 1542 40.89 £ 12.27
A N®D* 2.18 £ 0.65 6.77 £2.03 323+0.97 3.40 £ 1.02

> N®D* 11.71 £3.51 6.11 +1.83 8.90 £ 2.67 16.51 £4.95
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A N*B*, and the minimum value corresponds to the
coupling g, related to the A N D" vertex for all fit functions.

In conclusion, we calculated the values of the strong
coupling constants related to the vertices A,NB*, A,N*B*,
Y,NB*, £,N*B*, ALND*, ALN*D*, £.ND*, and £.N*D*
in the framework QCD sum rules. We used different fit
functions to extrapolate the results to the regions of Q2
where the strong coupling constants under consideration
are calculated. It has been found that the results are roughly
independent of the choices of the fit functions for all the
vertices. Our results may be checked via other nonpertur-
bative approaches. The presented results can be helpful in

PHYSICAL REVIEW D 92, 014022 (2015)

explaining different exotic events observed via different
experiments. These results may also be useful in the
analysis of the results of heavy ion collision experiments
as well as in exact determinations of the modifications in
the masses, decay constants, and other parameters of the B*
and D* mesons in the nuclear medium.
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