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DyDK VERTEX IN QCD SUM RULES
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We calculate the form factors and the coupling constant in the Dy DK vertex in the framework of
QCD sum rules. We evaluate the three-point correlation functions of the vertex, considering both D and
K mesons off-shell. The form factors obtained are very different but give the same coupling constant.

P ccunr =Bl hopM KTOpBl U KOHCT HT B3 MMomelcTBus B BepmnHe DsoDK B p MK X MOOXO0X
np B cymMm KXJI. P ccMOoTpeH TpexTodeuH s1 KOPPeSLUHOHH s (YHKIHS BEPLIMHbI, COOTBETCTBYION] S
oboum BHeM ccoBbiM D- 1 K -me30H M. [lomydyeHHble hopM KTOPBI CHIIBHO P 3THY IOTCS, HO A IOT OfHY
U Ty Xe KOHCT HTYy B3 MMOJEUCTBHSI.

PACS: 11.55.HX; 13.75.Lb; 13.25.Ft

INTRODUCTION

The meson D with the spin—parity (J* = 07) is one of the famous heavy flavor hadrons.
Determination of the Dy meson width is limited by experimental resolution to a value of
less than 4.6 MeV/c?. The small width of D,y meson is not surprising as its mass is below
the threshold of DK system [1, 11].

There are various applications for the strong form factors and coupling constants associ-
ated with vertices involving mesons in QCD. The standard procedure of QCDSR is followed
in this work. We calculate the Operator Product Expansion (OPE) and the phenomenological
contributions for the correlation function of D49 DK vertex and equate both contributions, fol-
lowing the principle of quark—hadron duality. In order to suppress higher order contributions
from the OPE side as well as higher resonances (and continuum) from the phenomenological
side, we use the Borel transform in both sides of the equation, obtaining the sum rule. The
numerical integration of the sum rule, to estimate the coupling constant, is performed. This
coupling constant is a function not only of the transferred momentum Q2 but also of the
Borel masses. In general one considers the dependence of decay constants (fp and fx) with
Borel mass to improve the stability of the coupling constant with respect to the variation
of the Borel masses [2,12]. The outline of this paper is as follows: in Sec. 1, the general
formalism of QCD sum rules is presented for Dy DK vertex [10]. Numerical calculations
and discussions are given in Sec. 2. Finally, conclusion is presented.
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1. THE SUM RULE FOR THE D,y DK VERTEX

The coupling at the Dy,oDK vertex can be evaluated by using the three-point function
QCDSR. The three-point function associated with the Dso DK vertex, for an off-shell D me-
son, is given by

P (p,p') = 2 / dia dly @ =P (O[T {F (2)7" ()77 (0)}]0). )
And for an off-shell K meson:
1M (p, p') = / d'z dy e e P D VO TP ()5 ()% (0)}]0), @)

where the interpolating currents are j = wy,v5s, j¥ = icysu, jP% = s, with u, s, ¢ being
up, strange, charm quark fields, respectively. In both cases, each one of these currents has
the same quantum numbers as the corresponding mesons.

We can write each II, in terms of the invariant amplitudes associated with each one of
these structures in the following form:

I.(p,p') = Fi(p*, 0%, ¢*)pp + Fo(p°, 0%, *)p),, 3)

where ¢ = p' — p.

Equations (1) and (2) can be calculated in two different ways: using quark degrees of
freedom — the theoretical or OPE side — or using hadronic degree of freedom — the
phenomenological side.

Using the above currents to evaluate the correlation functions (1) and (2), the theoretical
or QCD side is obtained.

The framework to calculate the correlators in the QCD side is the Wilson operator product
expansion (OPE):

P (2,) = (O1T{j% ()" ()57 (0)}]0), )
0P (,y) = A, -1+ B, (qq) + - .-, (5)

where 1 is the identity operator, A, (z,y) is the perturbative contribution, (¢g) is the quark
condensate and B, (z,y) is the respective coefficient.

For each one of the invariant amplitudes appearing in Eq.(3), we can write a double
dispersion relation over the virtualities p? and p'2, holding Q? = —¢? fixed:

2
H(per) (%, "%, Q%) — [ ds [ ds ! p“ 5P ’Q ,)2 + subtraction terms, (6)
C4r —p?)

where p,(s,s’,Q?) equals the double discontinuity of the amplitude II,(p?, p’?, @?), and is
calculated using Cutkosky’s rules. The invariant amplitudes receive contributions from all
terms in the OPE. The first one of those contributions comes from the perturbative term and
it is represented in Fig. 1.

We can work with any structure appearing in Eq.(3), but those which have less ambi-
guities in the QCD sum rules approach are selected, which means less influence from the
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Fig. 1. Perturbative diagrams for the D off-shell (@) and K off-shell (b) correlators

higher-dimension condensates and a better stability as a function of the Borel mass and any
structure, appearing in phenomenological side. Because only the pj, structure appears in
phenomenological side, the pL structure is chosen. In this structure, the quark condensate
(the condensate of lower dimension) contributes in the case of D meson off-shell. Using the
following relations:

B =————25A - N

1 A(S,S/,QQ)[ S ’LL],

1

By = —"—[2sA' - A

? A(858/7q2)[ ° U]

and
1
r2y

10(878 4 ) - 4)\1/2(8,8’,(]2)’

A=(s+m2-—m?), A= +mi-m3), u=s+s—q

s, s',q%) = s> + 5%+ ¢* —2s¢® — 25" — 254/,
the corresponding perturbative spectral densities which enter in Eq. (6) are

(D) / 2\ 3

P Q) = e o, QB
+[(2m?2 4+ 2mems — 5+ Q% + ) (m2(s + Q° + 8) + s(s" — Q* — 9))][A(s, 5", Q*)] )
@)

(m? 4+ 2memg — 5+

for D off-shell, and

(K) ’ 2\ 3
P ) = G P

+5(—s = Q%+ ) + mA(—25'(s + Q* + ') + mema(s + Q7 +35))] (8)

[mi(s + Q%+ 358') + 5" (mems(s — Q% — ')+

for K off-shell. Here s = p?, s’ = p2, t = —Q?, (s, 8',t) = s2 482 +Q2—2st—2ss —2ts.
2. NUMERICAL CALCULATIONS AND DISCUSSIONS

The non-perturbative contributions in the QCD side containing the quark—quark and
quark—gluon condensate are calculated. The quark—quark condensate is considered for light
quarks w,d and s. Contributions of the quark—gluon condensate are zero after applying
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the double Borel transformation with respect to both variables p? and p’2, because only one
variable appears in the calculations. Contributions of the quark—quark condensate are given by

- 1 m o 0
@)D () — e\ d - (@) () oy _ s 9 (@) () o
I (q) (3s) {4T1" [E 0, 0)] = 3¢ T Kapa 8p’(’) F Y (p,p )va} +

1 9? 0? 02
+§(m§—m%>Tr[( ot )Q)FPE“)(p,p’)H, 9)

Op>op'> ~ (9p>)* ~ (9p™
where (s3) = 0.8(qq), {(qq) = (—0.245)3 [6], and
E7 (p,p') = yusisi (p)ysist? (—p'). (10)

For the K off-shell, there is no quark—quark and quark—gluon condensate contribution. Our
calculations show that for two cases D and K off-shell, the gluon condensate contributions
are very small and we can easily ignore them in our calculations. The phenomenological side
of the vertex functions are obtained considering the contributions of the D and Dy, mesons
to the matrix element in Eq. (1) and the D and K mesons to the matrix element in Eq.(2).
The meson decay constants fx, fp,, and fp, which are defined by the following matrix
elements, are introduced:

(Dsy (DK (@)D(a) ) = 95 i),

(Dsy (DIDW)E (@) ) = 957 11 (a?),
o (OP1D(e)) = 22 i,
mg

(0175 k(")) = v .

The corresponding phenomenological amplitudes in these structures are

(0]

Dy, (p)) = mp,, prfp

2

m
(D)ph (D) 2 S0y fif mg Do
I, P (p,p') = g (a°) P, (11)
o ’ D, Dk 2 2 2 _ 2 2 _ 2\
0 (p? =mp, ) (¢* —mp) (p” —my)

for D off-shell, and
2
m
[ Iofr—Lmp, my,
mc

q
(p? —mp, ) (@* —mi) (p? —mp) ™

v n k
R () = g (a?) (12)
for K off-shell.

After performing the Borel transformation [7] with respect to the variables p? and p’? on
the physical (phenomenological) and QCD parts and equating these two representations of the
correlations, the equation for the strong form factors is obtained as follows:

2 2
(D) 2\ _ (2 2 me mpso) (mK>
= +m ex ex X
9p..px(Q7) = (@ D)mDsomQDfoDsto P ( 2 P 772

’
Smax S

/

2 a2 1 s S
X [ me(ss)e me/M I / ds/ds'exp (_W) exp <_W> f(s,s,Q% |, (13)
So 0
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where

p 3
F6 @0 = 3 v

— 5 QP4 )2 (s + Q2 + )+ s(5' — QF — )| \s, 8, Q2 7H) (1)
for D off-shell. And

2 2
(K) 2N 2 9 Me <mDS0) <mD>
= +m ex ex X
gDSODK(Q )=(Q K)mDsomQDfoDsto p M2 p 72

(mi + 2memg — s + [(sz + 2memg—

’
Smax Smax

1 s s’
12 / ds / ds'exp(—W)exp <—W>g(s,s’,Q2) , (15)

50

min

where

g(s,8,Q% = 3

+8(—=s — Q% +5)) +m2(=25'(s + Q* + &) + mems(s + Q% + 35/))} (16)

[mi(s + Q% +35) + 5/ (mems(s — Q* — s')+

for K off-shell, where Q? = —¢?, simax and s/, are the continuum thresholds and sq = m?,
mﬁt

s—m2’

2.317, mxg = 0498, mp = 2.01 [4,5,13]. The following relations between the Borel

masses: M?/M'? = m3, /mi for K off-shell and M?/M"* = m3, /mi for D off-shell,

are used [9].

2 _
c

Shin = mZ + st/m? and ms = 0.13, m. = 1.2, mp,, =

s =s+t—m

Table 1 shows the values of the parameters used in the present calculation. The expressions
for the strong form factors and coupling constants contain also four auxiliary parameters,
namely, Borel mass parameters M and M’ and continuum thresh-

Table 1. The leptonic de-  o]ds 5, and s/ , . These are mathematical objects, so the phys-
cay constants (in GeV) [S] jca] quantities, i.e., strong form factors and coupling constants,
fx o fDao should be independent of them. The values of the continuum
0160 1 0220 [ 0.225 | thresholds are spax = (mp,, + AS)2 and s, = (mx + AS/)Q,

for D off-shell, and s, .. = (mp + ASI)Q, for K off-shell.

max

Using A, = Ay = 0.5 GeV [8] for the continuum thresholds and fixing Q% = 1 GeV?, we
found a good stability of the sum rule for g(Dljz pr(@?), as a function of the Borel mass M2,
in the interval 15 < M? < 30 GeV?2, as can be seen in Fig. 3.

In the case of g(DZ))DK(QQ), the interval for stability is also 20 < M? < 40 GeV?, as can
be seen in Fig.2.

Fixing A; = Ay = 0.5 GeV and M 2 = 3 GeV? in both cases, we calculate the momentum
dependence of the form factors which are shown in Fig.4. The squares correspond to the
g(ng pr(Q?) form factor in the interval where the sum rule is valid. The triangles are the

result of the sum rule for the g(Di)) i (@?) form factor. In the case when the K meson is

off-shell, our numerical results can be parameterized by an exponential function

2
95apk (@) = 6.56 e~ /7, -
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Fig. 4. g(Di)) px (circles) and g(DIig i (squares) QCDSR form factors as a function of Q2

The coupling constant was obtained as the value of the form factor at Q* = —m%. In this
case the resulting coupling constant is

g(DIszK(QQ = —m%() =6.84+04. (18)

In the case when the D meson is off-shell, the sum rule result is represented by the circles
in Fig.4, and they can be parameterized by a monopole formula:

(D) 2 46.6 |
gDsoDK(Q )_ Q2 + 11437 ( 9)
giving the following coupling constant, obtained at the D pole:
(D) 22y
9p..pr(Q° =—mp) =6.240.6. (20)

Table 2. Value of our obtained and previously found [5] coupling constant

LCQCD | This work (3PQCD)
gp,DK | 5.9£1.7 6.54+0.5
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We can see that the two cases considered here, off-shell D or K, give compatible results for
the coupling constant. Considering the uncertainties in the continuum thresholds and taking
the average between the obtained values, we have

gp.opK = (6.5+0.5) GeV ™, (21)

which is given in Table 2.

CONCLUSIONS

From Table 2, we see that our result is in a fair agreement with the LCSR calculation in [5].
Determination of this strong form factors and the coupling constants and their comparison
with the phenomenological models like QCD sum rules could provide useful information
about the structure of the D4((2317) meson.
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