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Radiative decays of the D,(2317), D,(2460) and the related strong coupling constants
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In this article, we take the point of view that the charmed mesons D,(2317) and D,;(2460) with the
spin-parity 0 and 17 respectively are the conventional c§ states, and calculate the strong coupling
constants Gg(for (D% @|Dy)) and G4 (for (D $|Dy,)) in the framework of the light-cone QCD sum rules
approach. The strong coupling constants Gy and G, are related to the basic parameter 4 in the heavy
quark effective Lagrangian, the numerical value is larger than the existing estimation. With the assumption
of the vector meson dominance of the intermediate ¢(1020), we study the radiative decays D,y — D}y

and D, — Dyy.
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L. INTRODUCTION

The observation of the two charmed resonances
D,,(2317) in the D 7" invariant mass distribution and
D,,(2460) in the D*7° and Dy mass distributions has
triggered hot debate on their nature, under-structures and
whether it is necessary to introduce the exotic states [1,2].
They cannot be comfortably identified as the quark-
antiquark bound states in the spectrum of the constituent
quark models, their masses are significantly lower than the
values of the 0* and 17 states, respectively, from the quark
models and lattice simulations [3]. The difficulties to iden-
tify the D,(2317) and D,,(2460) states with the conven-
tional c¢§ mesons are rather similar to those appearing in the
light scalar mesons below 1 GeV. The light scalar mesons
are the subject of an intense and continuous controversy in
clarifying the hadron spectroscopy [4], the more elusive
things are the constituent structures of the f,(980) and
ay(980) mesons with almost the degenerate masses. The
mesons D,(2317) and D,,(2460) lie just below the DK
and D*K threshold, respectively, which are analogous to
the situation that the scalar mesons ay(980) and f,,(980) lie
just below the KK threshold and couple strongly to the
nearby channels. The mechanism responsible for the low-
mass charmed mesons may be the same as the light scalar
nonet mesons, the f((600), £((980), az(980) and K;(800)
[5-9]. There have been a lot of explanations for their
nature, for example, the conventional c5§ states [10], two-
meson molecular states [11], four-quark states [12], etc.' If
we take the scalar mesons a,(980) and f(980) as four
quark states with the constituents of scalar diquark-
antidiquark substructures, the masses of the scalar nonet
mesons below 1 GeV can be naturally explained [8,9].

There are other possibilities besides the four-quark state
explanations, for example, the scalar mesons a((980),
f0(980), D,(2317) and the axial-vector meson
D,(2460) may have bare P-wave gg and c3 kernels with
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strong coupling to the nearby thresholds, respectively, the
S-wave virtual intermediate hadronic states (or the virtual
mesons loops) play a crucial role in the composition of
those bound states (or resonances due to the masses below
or above the thresholds). The hadronic dressing mecha-
nism (or unitarized quark models) takes the point of view
that the mesons f,(980), a¢(980), D, (2317) and
D,,(2460) have small gg and c5 kernels of the typical ¢g
and c§ mesons size, respectively. The strong couplings to
the virtual intermediate hadronic states (or the virtual
mesons loops) may result in smaller masses than the con-
ventional scalar gg and c¢§ mesons in the constituent quark
models, enrich the pure ¢g and c§ states with other com-
ponents [13,14]. Those mesons may spend part (or most
part) of their lifetime as virtual KK, DK and D*K states
[5-7,13,14].

The radiative decays can be used to probe the under-
structures of the hadrons, and they are suitable to under-
stand the nature of the D(2317), D, (2460) and distin-
guish among different interpretations [15—-20]. Different
under-structures can lead to different decay widths, and the
predictions can be compared with the experimental mea-
surements. For example, the value of the strong coupling
constant gp px with the assumption that the D;;(2317)
being a conventional scalar ¢5 state is much larger than (or
several times as large as) the corresponding value with the
assumption of being a tetraquark state [6,21]. The
D,,(2317) cannot decay to the Dy due to the angular
momentum and parity conservation, and such a final state
has not been observed; the decay D,y — D:vy is allowed
and no evidence is reported yet of the final state D,yy
resulting from the decay chain Dy — Dy — D,yy. The
radiative decay widths of the D,y — D%y and D;; — D,y
have been calculated with the constituent quark model
[17-19], the vector meson dominance (VMD) ansatz [16]
and the light-cone QCD sum rules [15], etc.

The amplitudes of the radiative decays Dy, — D7y and
D, — D,y can be written as

(D5(p,m)y(k,€)|Dyp) = eds{e" " p-k—€ - py* -k},

(1)
(Dyy(k, €)|Dgy(p,m)) =ieds{€ -np-k—€ - pn-k}
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due to the Lorentz covariance. The p, and k,, are the four
momenta of the Di(Dy;) and 1, respectively; the 1, and
€, are the polarization vectors of the D{(D,;) and 7,
respectively. The parameters dg and d,4 have the dimension
of inverse of the mass, and get contributions from the
photon couplings both to the light quark part e 5y, s and
to the heavy quark part e.cy,c of the electromagnetic
current, here the e, and e, are strange and charm quark
charges in units of e. In order to determine the amplitudes
of the Dyy — D57y and D,; — Dy, we follow the VMD
ansatz [16,22]. In the heavy quark limit, the matrix ele-

ments (D;(V', p)ley,clDyp(v)) and
(Ds(v")|éy,clDg (v, m))  vanish for wv-v' = (M%)A0 +
M} /2Mp M- = 1 and vov' = (Mp +
M2 )/2MD Mp =1, here the v,, vl are the four-

Velocmes of the heavy mesons. We consider only the
contribution of the intermediate ¢(1020),

(Dx(p, mylk D0 = (Di(p, Mebla, f)leo>q2_"mz
¢
X (y(k, €)| (g, £))

— D Wk DG

)
X fompeQ(—i)e" - &
=Gg(e" - n"p-k—¢€ - pn*-k)
f - er, )

(D, y(k, Dy (p, ) = (Do(q, D (p, M) ———
q nmg

X (y(k, )l $(q, £))
= Dk D (P, ) =y

¢
X fomyeQ(—i)e" - &
= iGu(e" - np-k— € - pn-k)
x L "’ er, 3)

where we have use the VMD Lagrangian

M2
L= —ng—;Aaw = —eQfsMyAnd®,  (4)

and the definitions of the strong coupling constants

(D5 (p, Mk, O)|Dgo) = Gs(§" - n*p -k — £ - pn™ - k),
(Do (k, D1 (p, m) = iGa(E" - mp -k = & - pn - k),
0l5(0)y . sO) (K, £)) = fymyé,. (5)

The G and G, are the strong coupling constants, the f, is
the weak decay constant of the vector meson ¢ and the £,
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is the polarization vector. The strong coupling constants G
and G4 can be related to the effective coupling constant &
in the heavy quark effective Lagrangian. The Lagrange
density is set up by the hidden gauge symmetry approach
with the light vector mesons collected in a 3 X 3 matrix V' “
[22],

L' =ipTr{S,H,oPVis} (6)
where the effective fields H, and S, stand for the doublets

with J® = (07,17) and (0%, 17) respectively,
1+ ;A _
Ha [Pa,uY lPaYS]»
(7)
1+ ;4
Sa [PlayMYS POa]:

where the v, is the four—ve1001ty of the heavy meson and
the a is a light quark flavor index. The P, P,, P}, and P},
are the scalar, pseudoscalar, vector and axial-vector me-
sons, respectively. The H, = y°Hiy°, S, = y°Si40,
Vap = 82V = 9V + [Va, Vgl and V, = i%£V,, the
gy is fixed to be gy = 5.8 by the KSRF rule [23]. Finally
we obtain the relation between the Gg (G4) and i

Gs =2V24gy, G, =2\20gy. (8)

The parameter £ is a basic parameter in the heavy quark
effective Lagrangian, the precise value can lead to more
deep understanding of the relevant dynamics. It is interest-
ing to calculate its value with the light-cone QCD sum
rules. The f is estimated to @ = —0.13 = 0.05 GeV ™!
from the analysis of the D — K* semileptonic transitions
induced by the axial weak current [22].

In this article, we take the point of view that charmed
mesons D,(2317) and Dy, (2460) are the conventional ¢35
states, calculate the values of the strong coupling constants
Gy and G4 (and the corresponding £) in the framework of
the light-cone QCD sum rules approach, and study the
radiative decay widths of the D,y — D;y and
D, — D,y.> The light-cone QCD sum rules approach
carries out the operator product expansion near the light-
cone x?> = 0 instead of the short distance x = 0 while the
nonperturbative matrix elements are parametrized by the
light-cone distribution amplitudes which classified accord-
ing to their twists instead of the vacuum condensates
[24,25]. The nonperturbative parameters in the light-cone
distribution amplitudes are calculated by the conventional
QCD sum rules and the values are universal [26].

The article is arranged as follows. In Sec. II, we derive
the strong coupling constants Gy and G, within the frame-
work of the light-cone QCD sum rules approach; in
Sec. III, the numerical result and discussion; and in
Sec. IV, conclusion.

>The same approach can be used to study the radiative decay
widths of the Dy, — Djvy, Dy, — Dy, and explore the struc-
tures of the mesons Dy,(2460), D,,(2317), that may be our next
work.
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II. STRONG COUPLING CONSTANTS G4 AND G,
WITH LIGHT-CONE QCD SUM RULES

In the following, we write down the two-point correla-
tion functions IT3, (p, ¢) and T4 (p, g),

115 (p, q) = i / dxe T OITS O NS, )
MA(p, q) = i [ dxe T XOITA 05 ()HA(p), (10)

T (x) = 5(x)c(x),
Ju(x) = c(x)y us(x),

Js(x) = c(x)iyss(x), an
J5 () = 5(x)y,ysc(x),

where the currents J5(x), Js5(x), J1, (x) and J% (x) interpolate
the mesons D,(2317), D, D and D, (2460), respectively,
the external state ¢ has the four momentum p,, with pr =
m},. The correlation functions I13 (p, ¢) and TT%,(p, ¢) can
be decomposed as

I3 (p,q) =Tgle g p— pue-qt+ -,

4(p.q) = ill{e,(g+p) p—pue(g+p}+--
(12)

due to the Lorentz covariance, here the €, is the polariza-
tion vector of the ¢» meson.

According to the basic assumption of current-hadron
duality in the QCD sum rules approach [26], we can insert
a complete series of intermediate states with the same
quantum numbers as the current operators J5(x), Js(x),
J).(x) and J4(x) into the correlation functions IT3(p, g)
and TI%(p) to obtain the hadronic representation. After
isolating the ground state contributions from the pole terms
of the mesons D,(2317), D, D} and D,,;(2460), we get the
following results,

_{017%(0)[Dso(g + p)XDsol DS pX D5 (q)17:(0)10)

118
(P9 M3, = (a-+ pPHM, — )

4+ ...

_ Jp Jp:Mp Mp:Gs
M3, — (g + p)’HM},. — 47
X{€uq-p—pue-qit--,

(13)

_ {017 (0)[D41 (g + p)XDs1 D ¢ XD (9)1J5(0)|0)
M}, —(q+p)HMp — %

115, (p. q)

+ coe
_; fDHfD,.MDHM%XGA
(m. +m M5, —(q+ p)*HMp, — ¢*}
X{e,(g+p)p—pue(gtpi+t--,

(14)
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where the following definitions have been used,

0lJ5(0)|Dso(p)) = fp Mp,,

fp,Mp,

Ol5 OID(p)) = —=—

O OID (P, M) = fo:Mp: 1,
<0|J:1AL(O)|DX1(p’ 77)> = fD_ﬂMDl‘l T]/u

where the fp , fp., fpr and fp are the weak decay
constants of the D,(2317), D,, D} and D,,(2460), respec-
tively. In Egs. (13) and (14), we have not shown the
contributions from the high resonances and continuum
states explicitly as they are suppressed due to the double
Borel transformation.

In the following, we briefly outline the operator product
expansion for the correlation functions Hi( p,q) and
14 (p, q) in perturbative QCD theory. The calculations
are performed at the large spacelike momentum regions
(g + p)*> < 0 and ¢*> < 0, which correspond to the small
light-cone distance x> = 0 required by the validity of the
operator product expansion approach. We write down the
propagator of a massive quark in the external gluon field in
the Fock-Schwinger gauge firstly [27],

>
N

ik ey KM
k2 _ m2

: (15)

O1T{q,(1)g,(x)HO) = i f

d*k
e
)t
+ . .

2

here we have neglected the contributions from the gluons
G- The contributions proportional to the G, can give
rise to three-particle (and four-particle) meson distribution
amplitudes with a gluon (or quark-antiquark pair) in addi-
tion to the two valence quarks, their corrections are usually
not expected to play any significant roles.® Substituting the
above ¢ quark propagator and the corresponding ¢ meson
light-cone distribution amplitudes into the correlation
functions II35(p, ¢) and TI4(p, g) in Egs. (9) and (10)
and completing the integrals over the variables x and k,
finally we obtain the results,

3For example, in the decay B — y.oK, the factorizable con-
tribution is zero and the nonfactorizable contributions from the
soft hadronic matrix elements are too small to accommodate the
experimental data [28]; the net contributions from the three-
valence particle light-cone distribution amplitudes to the strong
coupling constant gp g are rather small, about 20% [7]. The
contributions of the three-particle (quark-antiquark-gluon) dis-
tribution amplitudes of the mesons are always of minor impor-
tance comparing with the two-particle (quark-antiquark)
distribution amplitudes in the light-cone QCD sum rules. In
our previous work, we study the four form-factors f(Q?),
£2(0%), g,(0?%) and g,(Q?) of the 3 — n in the framework of
the light-cone QCD sum rules approach up to twist-6 three-quark
light-cone distribution amplitudes and obtain satisfactory results
[29]. In the light-cone QCD sum rules, we can neglect the
contributions from the valence gluons and make relatively rough
estimations.
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(s) T .2 2
. qu_(u) 2ms 2 1 h” (u) f¢m¢ 1 ZmC
Hs = f‘f’] AA [f¢ (de,fo d"”W+T[ au A(”)[AA2 AAJ
BL(1) voogl
+2fgm¢f du[ /dt = fduu[ dzcl(z)[AA2 AA%} 2f ymgm, f duuAiiz
C(t
+2f¢m¢ fduuf de dr— () (16)
(s) T,,2
(}'JJ_(M) 2m 1 h” (u) f¢m¢ 1 2m?>
I, = Sm? | d L2 duA(u)| — + —=
A f¢f AA [f¢ my }m'ﬁﬁ Ve i ), Al )[AAZ AA3}
1 u T B (Z‘) 1 g(U)
+2fTm2 | du | d dzi——T/dfdtCz -2 fd—L
f(bmqﬁf uf Tf Ve fé uu 1 () Ve AAz fomgm, . u
C
+ 2 ymim ]duuf drf dr =" (t) (17)
{
where double Borel transformation with respect to the variables

AA =m2 — (q + up)>.

In calculation, the two-particle ¢ meson light-cone distri-
bution amplitudes have been used [30], the explicitly ex-
pressions are given in the appendix. The parameters in the
light-cone distribution amplitudes are scale dependent and
can be estimated with the QCD sum rules approach [30]. In
this article, the energy scale u is chosentobe u = 1 GeV.

Now we perform the double Borel transformation with
respect to the variables 07 = —(p + ¢)* and Q5 = —¢*
for the correlation functions II¢ and I, in Egs. (13) and
(14), and obtain the analytical expressions of the invariant
functions in the hadronic representation,

BBl — Gsfpfp Mp:Mp,, _M%)So B M%);
M% M12 s M2M2 M2 MZ
M3 1 2

+ee (18)
Gafp.fp,Mp Mp,, My M,
BueBwlla = =t =y P32 a2
1M5(m, + my) 1 2

J’_ e (19)

here we have not shown the contributions from the high
resonances and continuum states explicitly for simplicity.
In order to match the duality regions below the thresholds
s and s, for the interpolating currents JS(x) [or J4 (x)] and
Jx(x) [or Js(x)], respectively, we can express the correla-
tion functions II (denote the Il and II,) at the level of
quark-gluon degrees of freedom into the following form,

B s
= fas [as o @0

where the p(s, s') are spectral densities, then perform the

Q7 and Q3 directly. However, the analytical expressions of
the spectral densities p(s, s”) are hard to obtain, we have to
resort to some approximations. As the contributions from
the higher twist terms are suppressed by more powers of
m, the net contributions of the twist-3 and twist-4
terms are of minor importance, less than 20%, the contin-
uum subtractions will not affect the results remarkably.
The dominating contribution comes from the two-particle
twist-2 term involving the ¢ ; (u). We preform the same
trick as Refs. [27,31] and expand the amplitude ¢ | () in
terms of polynomials of 1 — u,

2

N N _ k
=S bl —wk =S b(~—"2), @
Bu0 =3 w1 -0 = S n(( ) @D

then introduce the variable s’ and the spectral density is
obtained.

After straightforward calculations, we obtain the final
expressions of the double Borel transformed correlation
functions I1(M3, M3) at the level of quark-gluon degrees of
freedom. The masses of the charmed mesons are My, =

246 GeV, Mp = 2317 GeV, Mp = 1.97 GeV and
MD;‘=2112 GCV, m~048 M#QOAS,

there exists an overlapplng working window for the two
Borel parameters M7 and M3, it is convenient to take the
value M? = M3. We introduce the threshold parameter s,
and make the simple replacement,

o (metug(=ug)md)/M?) _, = (mi+ug(l=ug)my)/M?) _ ,~(so/M?)
to subtract the contributions from the high resonances and
continuum states [27], finally we obtain the sum rules for
the strong coupling constants Gg and Gy,
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M3 M3, BB 50 BB
Gsfp fo:Mp,Mp: exp{ Mzo - W} = fTM2¢L(Mo){eXP[_ W} - exp[— e “ + exp[ MZ}
2m fiym3A(ug) m?
T _ S 2 B T e
X {[f¢ P }m(ﬁh” (ug)uy + 1 [1 + MZ}
m2
+ 2fgm¢f de dtB | (1) — ¢>m¢>”0f dtCL(t)|:1 + ﬁ;}
= C(1)
—2fymgm, uogi)(uo) +f¢m¢m uof drf } (22)
M} Mp, Mj BB S0 BB
G M 5 . sl 5 JE— TM2 —_ — J— + _—
afp,fpMp, m, + m, exp{ M% M%} f¢ ¢l(u0){exp[ Mz} exp|: e H CXP[ 2}
mg [y m} (140)
X 1= T _ h(s) ¢ ¢
{ |:f¢ i| Pl (uo)ug + 4
Uy T Uy m%
+ 2f£m(2bf de dtB | (1) —fgm%buof dtCL(t)|:1 +W}
C@)
—2fymgym, uogL (uo) +f¢m m uof de } (23)
[
where tainties come from the six parameters fp, , fp . fp:» fp,»
M2 azL and m,, the variations of those parameters can lead to
BB = m + ug(1 — ug)my, Uy = —5——, relatively large changes for the numerical values, while the
My + M; (24) dominating uncertainty comes from the aé‘, which are
, M3M3 shown in the Fig. 1, refining the parameter aj- is of great
o M2+ ME importance. Taking into account all the uncertainties, fi-

ITII. NUMERICAL RESULT AND DISCUSSION

The parameters are taken as m; = (140 £ 10) MeV,
m, = (1.25 = 0.10) GeV,  f4 = (0.215 £ 0.005) GeV,
fs = (0.186 = 0.009) GeV, ay = 0.2 +0.2, ag =02=*
0.1, s3 = 0.032 = 0.010, s, = 0.15 £ 0.10, s; = 0.10 =
0.05,87 = —0.10 £ 0.05, 0§ = —2.1 + 1.0, 0} =3.8 =
1.8, w} =7.0=x7.0, my = 1.02 GeV, Mp =
2317 GeV, Mp, =246 GeV, Mp: =2.112 GeV,
Mp =197 GeV, fp- =1(0.26+0.02) GeV, fp =
(0.26 £ 0.02) GeV, fp, = (0.225 = 0.025) GeV  and
fp,, = (0.225 = 0.025) GeV [16,32]. The duality thresh-
olds sy in Eqgs. (22) and (23) are taken as sy =
(7.0-8.0) GeV? (/5o = (2.6-2.8) GeV) to avoid possible
contaminations from the high resonances and continuum
states, in this region, the numerical results are not sensitive
to the threshold parameters so- The Borel parameters are
chosen as M7 = M5 and M? = (3.5-8) GeV?, in those
regions, the Values of the strong coupling constants Gy
and G4 are rather stable from the sum rules in Egs. (22) and
(23) with the simple subtraction.

The uncertainties of the 11 parameters f’ P f b az, a){,
w3, a)g‘, S3, S4, 94, §4 and mg cannot result in large
uncertainties for the numerical values. The main uncer-

nally we obtain the numerical results of the strong coupling
constants G and G4, which are shown in the Fig. 2,

1
=—44=x20)—, =—-39*16)—,
Gs= (442200 Gi=—(B9= 160

(25)
as=—(027%0.12)—,
le (26)
a, = —(0.24 = 0.10) —.
A © 0 0)GeV

The corresponding values of the parameter [ are larger
than the existing estimation g = —0.13 + 0.05 GeV ™!
from the analysis of the D — K™ semileptonic transitions
induced by the axial weak current [22]. From the numerical
values of the strong coupling constants G and G4, we can
obtain the decay widths,

TABLE I. The decay widths of the D,y — D5y, D, — Dyy.

KeV [15] [16] [17] [18] [19] [20] This work

I'(Dyy— Djy) 4-6 1
I'(D,; — D,y) 19-29

174 19 1.1 35 1.3-99
5.08 62 0.6-29 5.5-31.2
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FIG. 2 (color online).
limit, respectively.

(D, — D'y) = (1.3-9.9) KeV,

(27)
I'(D,; — D,y) = (5.5-31.2) KeV.

The comparison with the results from other approaches is
presented in the Table I.

IV. CONCLUSION

In this article, we take the point of view that the charmed
mesons D ,(2317) and D,,(2460) with the spin-parity 0*
and 17 respectively are the conventional ¢35 states and
calculate the strong coupling constants Gg and G4 in the
framework of the light-cone QCD sum rules approach. The
strong coupling constants Gy and G4 are related to the
basic parameter £ in the heavy quark effective Lagrangian,
the numerical value of the & is larger than the existing
estimation. With the assumption of the vector meson domi-
nance of the intermediate ¢, we study the radiative decays
Dy, — Dj;v and D;; — Dy, the numerical values of the
decay widths are compatible with the existing estimations,
further experimental data can conform or reject the as-
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12 T T T T T

-G,(1/GeV)

ol —*— A i
g sl o B: ]
Q

7+ ]
0] C.
= 6l ]
=
N
O P,
toar \*‘*W-—g_*._. "

3pg i

e

2

1

0

The Gy and G, with the Borel parameter M2, the A, B and C stand for the central value, down limit and up

sumption of the two-quark substructure. Just like the scalar
mesons f(980) and ay(980), the scalar meson D ;(2317)
and the axial-vector meson D,;(2460) may have small c5
kernels of typical ¢5 meson size. The strong couplings to
virtual intermediate hadronic states (or the virtual mesons
loops) can result in smaller masses than the conventional
0" and 1" mesons in the constituent quark models, enrich
the pure c5 states with other components. The D;(2317)
and D,;(2460) may spend part (or most part) of their
lifetimes as virtual DK and D*K states, respectively.
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APPENDIX

The light-cone distribution amplitudes of the ¢ meson
are defined by
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(O|§(O)'y#s(X)|¢(P)> _ p,uf¢7m¢% ﬁl due—iup-x{¢||(u) + MA(L{)} + |:e'u _

1 € X
T2 (p- )

Ol = 5[ 15 -

015000, 5 $(p) = ile,p, — €10, 117 ﬁ 1 duewp'x{m(u) ;
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2.2

X b e inp o ®)
P fomg . due™ """ g" " (u)

2f¢m¢[ due™ P XC(y),

}md)e xf due” ””’xh(s)( ),

myx? € x
AL+ i,

— DuX ]f¢m¢ (p - 22

1 . 1 1 1 )
X due rxp + = _ T.,.,2 due™uwrxC . Al
ﬁ ue J.(u) l2 [Elu,xy EI/'x[.L]f(/)m(l) px j;) ue J_(u) ( )

The light-cone distribution amplitudes are parametrized as
3
1w, 1) = 6u(l — u>{1 +alS (58 - 1)},
(1, ) = 6u(l - u>{1 +ap (58 - 1)}

¢V, ) = (1 + &) +{ + 5g3}(3§2 D+ {%

| L4020

2
g =1+ |1 =2+ T - Tade @) + - 35

3 3

h3(u,,u,)=1~|—{ 5

hyP(u, ) = 6u(l — u){l + (jl al + %;3%)(552 - 1)}
B, ) =38+ 3 a2152(552 —I)+
Al (u, ) = 30u*(1 — u)z{g + iazl + ;—lsz - gi{},
Clu, ) = g3(u, ) + ¢y, ) — 281 (u, ),
B ) = 1 ) = 3 G ) = 3 s ),

Cl(u’ /-L) = h3(”) IU’) - Q’)J_(u’ /J“))

5
24 s5(Gw! — w3)}(3 3082 + 358,

27 5 15
al + gy — = + 172
gt yss 1693((0 3w )}C (&),

L+ Zat — 106 + §Z)}C‘/2(§) +{ Sal —%93 3}C'/2(§),

(A2)

15
£ 5305(3 — 3082 + 35¢,

where the £ = 2u — 1, and the Cé/ % and Cl/ 2 are Gegenbauer polynomials [30].
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