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Abstract In this study, the magnetic and quadrupole
moments of the Z;(10650) state are determined using the
compact diquark—antidiquark interpolating current through
the QCD light-cone sum rule. The values that are obtained as

a result of the analysis are as follows: puz, = 2.35fg:g‘3‘ UN

and Dz, = (1.82f8€?) x 1072 fm?2. Examining the results
obtained, it can be seen that the magnetic moments are large
enough to be measured experimentally, while the quadrupole
moment is obtained as a small but non-zero value, cor-
responding to a prolate charge distribution. The magnetic
moment is the leading-order response of a bound system
to a weak external magnetic field. It therefore provides an
excellent platform to probe the internal structures of hadrons
governed by the quark-gluon dynamics of QCD.

1 Motivation

Over the past decade, a series of heavy quarkonium-like
states, known as the XYZ states, have been discovered
through ongoing experimental efforts. Charged states such
as Z.(3900), Z.(4430) and Z.(4020) provide strong evi-
dence for the existence of exotic hadrons since the pres-
ence of light quarks explains their non-zero electric charge.
These electrically charged particles have hidden-heavy flavor
(hidden-charm or hidden-bottom), excluding the pure Q Q,
opening a new era in hadron physics. In 2011, two charged
bottomonium-like states, Z,(10610) and Z;(10650), have
been reported by the Belle Collaboration in the processes
T(5S) > 7xY(nS), and Y (55) — wmahy(kP) [1] withn
=1,2,3and k =1, 2. The masses and widths of these states
were measured as

Mz, 10610) = 10607.2 =2 MeV,
th(loﬁlo) =184+24 MeV, (1)
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Mz, 10650) = 10652.2 £ 1.5 MeV,
FZ;;(lOGSO) =11.54+2.2 MeV. )

The neutral partner of the 22(10610) was also observed in
the T(5S) — Y (nS)mw decay by the Belle Collaboration
[2]. The quantum numbers /¢ (J ) = 1+ (1) are favored
by the analysis of the angular distribution. Both Z;(10610)
and Z,(10650) states are members of a family of charged
hidden-bottom states. These states have attracted the atten-
tion of many theoretical groups since they were the first
charged bottomonium-like states observed and because they
are very close to the thresholds of BB* and B* B*. Various
models and approaches have been used to study the spec-
troscopic parameters and decays of both states, including
compact tetraquark states, molecular states, threshold cusps,
re-scattering effects, etc. It is a challenge to understand these
new charmonium/bottomonium-like states as exotic since it
is relatively easy to reproduce the properties of these states
using the models mentioned above. Many comprehensive
reviews of this topic can be found in the literature [3—17].
All possible configurations considered in the various studies
yielded mass and decay width determinations in agreement
with experimental observations, which indicates that other
properties of this state need to be further investigated to shed
light on its underlying structure and reach a definitive con-
clusion. Therefore, to elucidate the internal organization of
these states, it is also important to study the decay channels,
such as weak, strong, and electromagnetic, along with the
spectroscopic parameters of these states.

The magnetic and quadrupole moments are other intrin-
sic parameters of hadrons that may contain important infor-
mation about their quark-gluon organization and underlying
dynamics. Such a study would therefore deepen our knowl-
edge of tetraquarks and help us understand the underlying
dynamics that govern how they form, as well as the geomet-
ric shapes of these tetraquarks. The magnetic and quadrupole
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moments of the hidden-heavy tetraquarks were extracted
in several studies [18-27]. In our study, the magnetic and
quadrupole moments of the Z,(10650) state (for brevity,
hereinafter often referred to as Z;) are determined using the
compact diquark—antidiquark interpolating current through
the QCD light-cone sum rule. In the QCD light-cone sum
rule method [28-30], we describe the correlation function in
two different representations: One is based on the hadronic
degrees of freedom and is called the hadronic representa-
tion, and the other is based on the quark-gluon degrees of
freedom and is called the QCD representation. Double Borel
transformations on p? and (p + ¢)? are then applied to both
representations to suppress the contributions of the higher
states and the continuum. The quark-hadron duality ansatz is
also carried out to further suppress the contributions of the
higher states and the continuum, and to enhance the ground
state contribution. The magnetic and quadrupole moments
are obtained by matching the coefficients of the same Lorentz
structures of both representations of the correlation function.

This article is organized as follows. After the introduc-
tion, we introduce our theoretical framework explicitly in
Sect. 2. The numerical results and conclusions for the mag-
netic and quadrupole moments of the Z;, state are presented
in Sect. 3. Finally, the manuscript ends with a summary in
Sect. 4. Explicit expressions for the magnetic moment of the
Zy, state and the photon distribution amplitudes are listed in
the appendices A and B, respectively.

2 Electromagnetic multipole moments of the Z;(10650)
state from QCD light-cone sum rules

In the QCD light-cone sum rule, one initiates the calcula-
tions for the magnetic and quadrupole moments using the
following correlation function:

Mu(p.q) =i / d*xeP (01T {J,(x) I (0}0),,  (3)

where ¢ is the momentum of the photon, y denotes the
external electromagnetic background field. The four-quark
current operator J, () (x) with spin-parity quantum numbers
JP =17 is written as

_ i bT c 7d arel
Tux) = T 0 Couysb (Ol ()BT ()
— [T (O CY B N (17500, CBT (1], @)
where € = €4pc, € = €44 With color indices the a, b,

¢, d, and e; C being the charge conjugation operator, and
o = li[yxu yv]. It should be noted that magnetic and
quadrupole moment calculations have been done under the
assumption that the Z state can also be in the B* B* molec-
ular configuration, however, these results are not reported
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in the manuscript because a reliable sum rule could not be
obtained.

In the hadronic representation, a complete set of hadronic
states with the same quantum numbers as the state of interest
and the corresponding interpolating current is plugged into
the correlation function, which gives the hadronic represen-
tation in terms of the electromagnetic multipole moments
as

0 Ju(x) | Zp(p.e))
l—[Had — < M
yzay (P’LZ) pz_mZZb
(Zp(p+q.¢7) | J7,(0) | 0)
(p+q)?—m7,

+ higher states. @)

(Zb(p. e | Zu(p +q., D)),

The matrix elements (0 | J,(x) | Zy(p, e, (Zp(p +
g.e’) | JT0) | 0) and (Zp(p,e") | Zo(p + q. 7))y
have been described regarding hadronic parameters such as
residues, polarization vectors, and form factors, by the fol-
lowing expressions

(O] Ju(x) | Zp(p, €")) = rz,€), . (6)
(Zo(p+q.e7) 1 TT(0) | 0) = az,e} ©)
(Zp(p.e!) | Zp(p +q.€))y

= —e” (") ()P

{GI(QZ)(ZP +q)y gap + G2(0H(8yp o — &ye 9p)

—G3(0%) (2p+q>yqaq,s}, (8)
2m?7

b
where €7 represents the photon’s polarization vector, while
' and &/ represent the polarization vectors of the initial and
final Z,, state, respectively.

Using the Egs. (5)—(8), the hadronic representation of the

correlation function is,

2
gp Ay
/i (p.q) = -

[m%, = (p + @)HmZ, — p?]

x {Gl(Qz)(zp +q)p

pubv P+ @up+qh
O - 2
mz, mz,
(p+qup
+ 4M V(Q2+2m22b)
ZmZb

+ GZ(QZ) I:qupv —qv8pn

p 1
- _2U<qup - §Q2gup>
m,
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+ 1
+ M(%(ﬁ +q)p + Engvp>
Zy
P+ @upvpp Q2:|

4
my,

G 2
- 3(2Q )(21) + )y |:‘qu\; -
myz,
P+Dudv o P+ Dudv 4
2m2Z Q 4m% Q j” - O
b b

Pudv
2
2mzb

Q2

The magnetic and quadrupole moments of hadrons are
related to their magnetic (Fs( 0?%))and quadrupole (Fp( 0%)
form factors. The form factors Fi;(Q?) and Fp(Q?), which
are more directly accessible experimentally, are given by the
form factors G; (QZ)

Fu(Q?) = G2(0?),

Fp(Q*) = G1(Q%) — G2(Q) + (1 + /)G3(Q%),  (10)
where g = Q2 /4m22b with 0% = —qz. At zero momentum
transfer, the magnetic (1 z, ) and quadrupole (Dz, ) moments
are described by the form factors F/ v (0% =0)and Fp(Q? =
0) as follows

e

= F 2-0),
Uz, = 5 Fu(Q* =0)
e
Dz, = —Fp(Q* =0). (11)
mz,

The QCD representation of the evaluations requires the
use of the interpolating field explicitly in the correlation func-
tion, Eq. (3). This is followed by all the possible contractions
of the quark operators according to Wick’s theorem, which
turns the result into the one that contains the quark propaga-
tors in the form of

eee'e <
nyP(p. q) =i 5 /d4xe””‘(0|

X {Tr[y“S‘Z/e(—x)yﬁSg,d(—x)]

X Tt 00755 (00750817 ()]

— Ty 85 (~0onpysSY 4 ()]

X Tr| a5 S5 (P50 ()]

—T

—

[150ua 5 (=005 (=)

X T S5 (s S ()]

o+ Tt y50a 55 “(— )05 S5 (=) |

< Tr[ 55 oy P8 o lJio),. a2

where Sp, (x) and S (x) are the propagators for heavy and light
quarks, respectively. The explicit formulas of these propaga-
tors are given in the following form [31,32]

S,(0) = 17 (x) — %(1 - imqu)
_ <67<7-Gq)xz(l _l.m_qx)
192 6
_ & G‘”(x)[ko Yo k} (13)
327252 S
1
Sp(x) = S (x) — % /0 dv G“”(vx)[(o,wx
Kl(mbv—xz)
+XUMV)?+ZUMVKO(WZI; —Xz):|.
—X
(14)
where
ree 1 X m
2
Sl{ree(x) _ :1?[;2
K (mb —x2) ¥ Kz(mb\/—xz)
x[ +i } (16)
V=2 (v —x2)2

The correlation functions specified in Eq. (12) contain
both perturbative and non-perturbative contributions from
short and long distances, respectively. To derive formulas
for the perturbative contributions, i.e. when the photon is
radiated at a short-distance, it is sufficient to replace one of
the light or heavy propagators in Eq. (12) by the following

§Ire(x) — /d4z ST (x = 2)AR) ST7(2) a7

where the three surviving propagators in Eq. (12) are consid-
ered to be the free ones. To derive the formulas for the non-
perturbative contributions, i.e. where the photon is radiated
at a long distance, replace one of the light quark propagators
in the correlation function given in Eq. (12) as follows

S4b () — —%[q“(x>riq”<0)](ri)w (18)
where the remaining propagators in Eq. (12) are taken into
accountas full propagators,and I'; = 1, y5, v, i¥5Vu, 0un /2.
When a photon interacts nonperturbatively with light-quark
fields, the matrix elements of the nonlocal operators (y(gq)
1g()Tig(0)[0) and (y(g) |§(x)TiGvgq(0)|0) appear
between the vacuum and the photon state, expressed in terms
of photon distribution amplitudes (DAs) (for details see Ref.
[33]). Equations (12)—(18) are used for evaluation the QCD
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representation of the correlation function. The expression of
the correlation function in the x-space is then transferred to
the momentum space by means of the Fourier transform.

The physical quantities that we search for in this sec-
tion, namely the magnetic and quadrupole moments of the
Zj state, are obtained by matching the coefficients of the
same Lorentz structures, (¢.p)(puqv—pvq,) and (€.p)q.qv,
acquired in both the hadronic and QCD representations.
These matches are written as

"
e M CcD
Hay =~ ALP (M2, 50), (19)
Zp
h12
2
mZ e M cD
Dz, = —5— AP (M2, o). (20)
Zp

where M? and sy represent the Borel mass the contin-
uum threshold parameter, respectively. For brevity, since the
AIQCD(MZ, s0) and A?CD(MZ, so) functions have a simi-
lar form, only the explicit expressions of the AIQCD (M?, 50)
function are given in the Appendix A.

3 Numerical analysis and conclusion

In this section, we conduct a numerical analysis of the
QCD light-cone sum rules for the magnetic and quadrupole
moments of the Zj, tetraquark state, which were derived in the
previous section. In the numerical analysis following input
parameters are used: m, = myg = 0, mp = 4.18f8:8§ GeV,
myz, = 10652.2 £ 1.5MeV [34], Az, = (2.12 £ 0.31) x
107! GeV? [35], (au) = (dd)=(—0.24 £ 0.01)3 GeV? [36],
and (gs2 G?) = 0.88 GeV* [37]. The photon DAs and corre-
sponding parameters can be found in Appendix B.

The sum rules are obtained for the magnetic and quadrupole
moments given in Egs. (19) and (20), which also depend on
the Borel and continuum threshold parameters M2 and so.
The choice of working regions for M? and so has to ful-
fill standard restrictions imposed on the pole contribution
(PC) and the convergence of the operator product expansion
(OPE). In order to quantify these constraints, it is appropriate
to use the expressions

A(M?
pc = AWM s50) 00, Q1)
A(M?, 00)
ADim7(M2, SO)
OPE Convergence = ——————————— < 5%, (22)
A(M?, 50)

where AP™7 (M2 50) is the contribution of the highest
dimensional term in the OPE. Because of the aforemen-
tioned constraints, the obtained working regions for M? and
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so are provided as follows: 11 GeVZ < M? < 15 GeV?
and 121 GeV? < so < 125 GeV2. Results obtained for the
PC values and the OPE convergence in the working intervals
obtained for auxiliary parameters: 31.2% < PC < 53.4%
and OPE < 3.69%. From these values, we can see that the
working regions determined for M? and sy meet the above
requirements. For the sake of completeness, it is worth exam-
ining how the magnetic and quadrupole moments depend on
M? for different values of so. From Fig. 1 it is seen that the
magnetic and quadrupole moments exhibit relatively mild
dependence on the variation of M? within its working region.
The magnetic and quadrupole moment results, taking into
account the uncertainties in the input parameters and the vari-
ation in the M? and so working regions, are given below:

pz, =2.35703 nn (23)
Dz, = (1.82703}) x 1072 fm?, (24)

The order of the numerical results of the magnetic
moments can also give an insight into the experimental
measurement of them. By examining the magnetic moment
result, one can assume that the magnetic moment of Z; is
large enough to be measured in future experiments with the
increased luminosity. In the case of the quadrupole moment,
we get a non-zero but small value for the Z,, state, indicating
a non-spherical charge distribution. It is well known that the
sign of the quadrupole moment contains information about
the geometric shape of the hadron under study. For the Z,
state, the quadrupole moment has a positive sign, correspond-
ing to a prolate charge distribution. To the best of our knowl-
edge, this is the first study of the magnetic and quadrupole
moments of the Z;(10650) state, so there are no theoretical
or experimental results to compare. However, to give an idea
of the results obtained, a comparison can be made with the
magnetic moment results obtained by the QCD light-cone
sum rules method for the hidden-charm and hidden-bottom
tetraquark states in the molecular and compact diquark—
antidiquark pictures. In Ref. [18], the magnetic moment of
the Z,(10610) state in the molecular and compact diquark—
antidiquark pictures was extracted by means of the QCD
light-cone sum rules. The result obtained are 1z, (10610) =
1.73 + 0.63 UN and MZ,(10610) = 1.59 £+ 0.58 MUN for
the compact diquark—antidiquark and molecular configura-
tion, respectively. Based on the presented results, it can be
seen that the magnetic moment of the Z;,(10650) state is
of the same order as that of the Z;(10610) state. In Refs.
[19-23], the authors systematically investigated the mag-
netic moments of various hidden-charm tetraquark states
using the molecular and compact diquark—antidiquark con-
figurations within the framework of the QCD light-cone sum
rules method. The magnetic moment values obtained for
these states are roughly of the order of (0.5 — 1.0) uy. In
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Fig. 1 Magnetic and quadrupole moments of the Zj, state versus M? for various so values

Refs. [24,25], the magnetic moment of the Z.(3900) state
in the molecular and compact diquark—antidiquark pictures
was obtained by the QCD sum rule method in an external
weak electromagnetic field, and they obtained 1z (3900) =
0.191“8:8‘11 uy and Lz, 3900y = O.47f8:§% un, for the molec-
ular and compact diquark—antidiquark pictures, respectively.
In Ref. [26], the authors have employed the QCD sum rule
method in an external weak electromagnetic field to calculate
the magnetic moment of the Z.;(3985) state in the molec-
ular picture, and they obtained 1z, (3985) = 0.18“:8:(1)8 UN -
In Ref. [27], the authors have applied the multiquark color
flux-tube model to extract the magnetic moments of the
Z:5(4000) and Z.;(4220) states in the compact diquark—
antidiquark picture, and they obtained 17, 4000y = 0.73
and j1z, (4220) = 0.64 ;. As can be seen from these values,
the results obtained for the hidden-charm and hidden-bottom
states are quite different from each other.

It is useful to consider the individual quark sector contri-
butions to the magnetic and quadrupole moments to gain a
deeper understanding of the underlying quark-gluon dynam-
ics. This can be achieved by selecting the appropriate charge
factors e,, e4, and e,. When it has been done magnetic
moment we see that the terms proportional to the e, con-
tribute about 67% to the total results, e; about 33%, and e, is
zero. In the case of the quadrupole moment, we observe that
the proportional terms of e, contribute about 66% to the total
results, e; contributes about 34%, and ej, is zero. A closer
look reveals that the missing ej, contribution is because the
terms containing this term exactly cancel each other out.

4 Summary and outlook

In the present article, we have explored the magnetic and
quadrupole moments of the Z,(10650) state with the spin-
parity J¥ = 17 in the framework of the QCD light-cone sum

rule by modeling this state as a compact diquark—antidiquark
configuration. Examining the results obtained, it can be seen
that the magnetic moments are large enough to be measured
experimentally, while the quadrupole moment is obtained
as a small but non-zero value, corresponding to a prolate
charge distribution. Individual quark sector contributions to
the magnetic and quadrupole moments have also been ana-
lyzed, and it has been found that only light quarks contribute
to these quantities. Our predictions should also be checked
through other phenomenological methods as well. The results
of this study on the magnetic and quadrupole moments of the
Z(10650) state can be used in future experimental studies
of the exotic states.
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Appendix A: The explicit expressions of the AIQ ¢b (M2, s9) +9 (eu L[V] —eqh[V]

The explicit forms of the A 2" (M?2, 50) functions appearing —64(3eq — eu)I()[W;]) 110, 4, 6, 0]], (A1)
in the above sum rules are
where the functions I[n, m, [, k], I{ [F], L[F], [F], I4[F],

AIQCD(MZ, 50) I5[F], and I¢[F] are defined as:
27(eq — eu) s ! i
:m[1[0’5’3’ 1] =3110.5,3,2] I, m, 1, k] =[1 2ds/0 dtfo duw e—$/M? g
mC

+31[0,5,3,3] - 1[0, 5, 3,4] — 3I[0, 5, 4, 1]

x (s — 4m§)m thwk,
+61[0,5,4,2]—31[0,5,4,3]+31[0,5,5,1]

1
11[.7-']=/Da,./ dv Flag, ag, o)
0

—311[0,5,5,2] - 1[0, 5, 6, 1]i|
x 8'(ag + vog — up),

mj(eq — ey)
”75[1[0, 4,2,2] —21[0,4,2,3]1+ 1[0, 4,2, 4] 1
655367 ]2[F]=/Dai/ dv F(ag, ag, ag)
0
—21[0,4,3,2] +21[0,4,3,3] + 1[0, 4, 4, 2]] x 8" (oG + vag — up),
1
mpy(g3G*)(qq) 13[.7:]:/D / dv Flag, ay, ag)
T 707788873 [ed(—9214[$] “Jo noes
+ 60L[Ti] + 159L4[ T3] — 21 4[T5] X 8y + varg — uo),
B 1
+ LI + 1114(81) — e (175[5] LIF] = / D, / dv F(og. aq. )
0

+ 6013[71]1 + 159[T2] — 2115[ 73]

x 8(etg + vag — up),
+7805[T4] + 16013[3])

1
I5[F] = / du F(u)8' (u — uo),
—192(eq — eu)l(,[hy]]l[o, 1,3,0] 0

1
I Fl = du F(u), A2
g o[ F] /0 u Fu) (A2)

2831155273
= 3100, 1,3, 001y ] — (27eu 11 [A] = 2Teq LAl

[— 128m3 (eq — €,) (52110, 1,2, 0]
where F represents the corresponding photon DAs.

+ 128(3eq — eu)lé[llf;])] Appendix B: Photon distribution amplitudes and wave
functions
+M‘1>3[4<—eu(513[$] . , .
393216m In this appendix, we present the matrix elements

- - 3 (r(@)1g(0)Tig(0)|0)and (y (¢) |§(¥)T; G uvq (0)| 0) interms
261N = 23LIR]+ 13 [S]) of the photon DAs and wave functions of different twists. The

~ expansion of the matrix element is an expansion in increasing

Ted (23 LIT] +23L[T2] + 2214 [S])) twists of the DAs. The twist of a DA is defined as the dimen-
sion minus the spin of the operators contributing to a given

x 110,3,4,0] — 3 (3€u (13 [S]+ KT DA.The DAs ¢, (1) have twisttwo, " (u), ¢ (14), A(a;) and
V(o;) have twist 3, and Ay, (1), A(u), S(e;), S(a;), Ti(a;),

+ LB+ I [g]) T (o), Tg(oc,-} and 74(c;) have twist 4_1 The matrix ele-
ments (v (q) 14(0)Tiq(0)]0) and (v () |7 ()T Guvg (0)] 0)

— ey (2 L[S] = 3L[Ti] = 3L[T] + L [3]) are parameterized in terms of the photon DAs as follows [33]

(¥ (@)1q(x)y.q(0)|0)

+ 96(eq —eu)Iﬁ[hy]>I[O,3,5,0]:| ex 1 N
= eqf3y (511 - q;tqix)/o due' ¥ (u),

f3y 2 v B
629145623 4(512”%(6[1 = e)l6l¥, 1110, 3, 4, 0] (v (@13 () 7759 (0)]0)
1 1 o
—3(—euli[V] +9e4L[V])110, 4, 5, 0]) = _Zeqféyeuuaﬁquaxﬂ /o due™ My (u),
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(v (@)1q(x)ouvq(0)]0)
= _ieq (qq>(5u4v

1 - ¥2
_SU%A)/ due'* (X‘ﬂy () + EA(u)>
0
i B &x
g [ (=0 3)

1
EX -
—Xu (&, — qvq—x)]/o due' " h., (u),

(¥ (@)1g(x)gs G v (vx)q(0)]0)
= _ieq {(qq) (E;LCI\) - 5qu)

X/D(Xie[(aé+vag)q'x3(ai),

V(@13 (x)gsG v (vx)iy5q(0)|0)
= _ieq {(qq) (S;LQ\) - 81)61;/,)

X‘/zDO[l_ei(otg+votg)qx‘§(0[i)7
(v (@)1 (x)g5G 1 (vx) Y ¥59(0)|0)
= eq 3y 4a(Endy — £vqp) / Daje “T ) A(ay),
(Y (@)1q(x)gs G v (vX)iyaq(0)]0)
= eqf3y‘]a(£u9v —&vqu) / Daiei(a‘;Jrvag)qxv(ai)’

(Y (@)1q(x)oapgs G pv(vx)g(0)|0)
_ ex 1
= e4(qq) {[(% - quqfx) (gauqfx(qaxv + quxa)) qs
ex 1
- (8# —dp ?x) (gﬂv - qj(Qﬁxv + (hxﬂ)> G
&x 1
- (‘9\) —4qv qix) (gau - qix(anu + quxoz)) qp
ex 1
+ (eu - quq7> (gﬁu - qfx(qﬁxu + qu?‘ﬂ)) ‘Iaj|
X/Daiei(aq+vag)qx7—l(ai)
&x 1
+ |:<8a — qa q7> (guﬂ - qfx(‘]uxﬂ + ‘]ﬁxu)> qv
ex 1
- (Sa —qa qj) (gvﬂ - qj(‘]vxﬁ + Qﬂxv)) du

£x 1
— &g —qp— - — +
( B —4p qx) (gua e (Gpxa qaxu)) qv

£x 1
+ &g —a9— 8va — — (qvXq + Gaxv) m
qx qx

X/Daiei(ag+vag)qx7—2(ai)
1
+—(quxv — qvx)(€aqp — €p9a)
qx
X/Daiei(a,;+vag)qx73(ai)
1
+ E(anﬁ — qpXe)(Epqv — Evqu)

y / pa,-ef<wa+wm—4(a,->} , (B1)

where the integral measure Dq; is written as

1 1 1
/Dai =/ dozq/ dozq/ dagd(l —ag —ay —ag) .
0 0 0

(B2)

The explicit equations for the photon DAs with different
twists are provided as

@y (u) = 6uit (1 +02(0C3 (u — ﬁ)) :

Yl =3(3Qu—-17-1)+ 63—4 (15wa - 5w;,‘)
x (3-30Q2u — 1)* +35Qu — D*),
i) = (1—Qu—1?) (5Qu—1)7*-1)

5 9 v 3 4
X§<1+T6w7’ —Ew),),

hy () = =10 (1 + 2« ™) cf (u — i),
Au) = 40u?i® (3 — kT + 1) +8(¢ — 3%)
x [wit(2 + 13uit) + 2u*(10 — 15u + 6u?) In(u) + 24>
x (10 — 15i + 6it*) In(ir) ] ,
Aley) = 3600050, (1 + w;‘%(mg - 3)) ,
V() = 540w1‘,/(aq — aq)aqaqag,
Ti() = —120038 + ;) (g — agagagay,
To(ai) = 3005 (g — etg) ((c — ) + (&1 = &)
x (1 —=2ag) + 53— 4ozg)) ,
Tai) = —120038 — &) (g — ag)agagay,
Talei) = 300 (g — ag) (e + 1)+ @1 + ¢
x (1= 20g) + £2(3 — 4atp))
S(ei) = 30 {(c + )1 —ag) + (&1 +¢])
(1 — ) (1 = 2a) + 02[3(ag — &)’
—ag (1 — )]}, S(ai)
= =30 {(k — )1 —ag) + (&1 — ¢}1)

{(1 — o) (1 = 20) + 02[3(ctg — g)? — g (1 — )1},
(B3)

where f3, = —0.0039 GeV?, & = 0.3, g2(1 GeV) = 0,
wa = 3.8+ 1.8, wf = -21+10,« =02, «" =0,
¢1 = 0.4, and x = —2.854 0.5 GeV~2 [38].
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