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Hidden-bottom hadronic transitions of Y'(10753)
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Assuming that the Y (10753) is a 45-3D mixed state, we investigated the hidden-bottom hadronic decays
of the Y(10753) — 1, (1S)w(n")) via the intermediate meson loops. In a commonly accepted range of the
model parameter a in the form factor, the predicted branching ratios may reach to the order of 1073-1072.
The relative ratio of the partial decay widths of the Y/(10753) — #,n") to Y(10753) — 5, is found to be
dependent on the -’ mixing angle. In addition, we also calculated the ratios of the partial decays widths of
the Y(10753) — n, to Y(10753) — Y(nS)ztz~ (n = 1, 2), which are found to be around 0.4 and 0.2
for n =1 and n = 2, respectively. These values are in accordance with the preliminary experimental
results. The calculations presented here tend to favor the Y'(10753) as the 4S-3D mixture. We hope these
predictions could be verified by the future Belle II experiments.
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I. INTRODUCTION

Decays of the heavy quarkonia can provide us insight of
the dynamics of quark interactions and the formation of
hadrons [1-3]. By means of comparing the theoretical
predictions based on quantum chromodynamics (QCD) to
the experimental data, we can test the validity of the model
and improve our understanding of the strong interaction in
the low energy region. Therefore, searching in experiments
for more new states in the ¢¢ and bb sectors and predicting
their properties from different theoretical models are of
particular importance. As summarized in the review of the
Particle Data Group (PDG) [4], huge data samples have
been accumulated. Among these samples, there are quite a
few complex structures that cannot be interpreted by the
conventional quark model, which are usually referred to as
exotic or XYZ states, e.g., the celebrated X(3872) [5] and
Z,(10610)/Z,(10650) [6] (for a review, see Refs. [7-13]).
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In the bb sector, there are only four documented
bottomonium(-like) vector structures above the BB thresh-
old: Y(4S), Y(10753), Y(10860), and Y(11020) in
ascending order of their mass [4]. The Y(10753) was
newly observed in 2019 when the Belle Collaboration
updated the measurement of the energy dependence of the
ete” - Y (nS)ntz~ (n =1, 2, 3) cross sections; the Breit-
Wigner mass was measured to be (10752.7 +5.91)7) MeV
with a width of (35.57//%%37) MeV, and its global
significance was reported to be 5.2¢ [14]. The quantum
numbers of the Y(10753) are determined to be J7€ = 17~
in view of the production processes. Three years later, this
new structure Y'(10753) was also found in the ete™ —
wyp1.p2(1P) reactions at center-of-mass energy between
10.653 and 10.805 GeV [15].

The Y(10753) is particularly peculiar since its mass does
not fit with any possible conventional bottomonia predicted
by various theoretical models [16-20]. Precisely speaking,
its mass is located between the theoretically predicted
masses of the Y(55) and Y,(3°D,) [16-20],

My (10753) — My, (3p,) = 50 MeV,

My (ss) — My(10753) < 90 MeV.

Due to the rather small dielectron widths of ~1 eV for pure
n3D1 states [17,21], a direct observation of a pure D-wave
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vector state in e*e” experiments is impossible. Evidently,
assigning the Y(10753) as the pure Y (3°D,) is difficult.
The alternative assignment of the Y(10753) as a Y(5S)
state also makes a conflict, since under such a assignment
the Y(10860) that possesses most of the properties of the
5S8-wave state would have no space in the bottomonium
spectroscopy [16].

Previous theoretical efforts [7,16,22-34] have been
devoted to resolving the nature of the Y'(10753), including
three main unusual interpretations: tetraquark state [22-25],
hybrid bottomonium with excited gluonic degrees of free-
dom [7,26], and S-D mixture [16,17,32-34]. Specifically,
Wang [22] took the Y(10753) as a tetraquark state and
predicted, using the QCD sum rules, its mass and width to be
(10.75 £ 0.10) GeV and (33.6073%%*) MeV, which are in
excellent agreement with the experimental results [4,14].
Meanwhile, it was predicted that the open-bottom decays
of the Y(10753) are BB and B*B* modes with branching
fraction up to 92%, while the hidden-bottom decays are
1y (18)w and Y (1S)z* 7~ modes with fraction of about 8%.
Li et al. [16] explained the Y(10753) as the 55-4D mixture
with a mixing angle of (20-30)° and obtained a different
prediction that the open-bottom decay modes of the B*B*
and BB* + c.c. are dominant, while the mode BB is of
insignificance. Furthermore, Liu Xiang’s group [32-34]
suggested that the Y(10753) is the 4S-3D mixed state
and predicted the branching fractions of the hidden-bottom
hadronic decays of Y(10753) — Y(15)4"), h,(1P)y, y»,,
Y(1°Dy)n, and Y (nS)ztz= (J = 0,1,2;n = 1,2, 3) via the
intermediate meson loop mechanism. Note that the dynami-
cal diquark model proposed in Ref. [35] can be used to
study the exotic-to-exotic radiative transitions, such as
the Y(10753) — yX,, where Y(10753) and X, are treated
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as tetraquark states within the diquark-antidiquark con-
figuration [35].

A search in the literature yields that the investigations on
the decays of the Y(10753) are scarce so that it is necessary
to study more possible decay modes to provide a theoretical
basis for the future experiments. In this work, we study
the processes of the Y(10753) decaying into #,(1S)w,
1, (18)n, and 1, (18)s, considering the contributions of the
intermediate meson loops, which have been widely used
in the productions and decays of the bottomonium(-like)
states [32—-34,36-47].

The rest of the paper is organized as follows. In Sec. II,
we present the theoretical framework used in this work.
Then in Sec. III, the numerical results are presented, and a
brief summary is given in Sec. IV.

II. THEORETICAL CONSIDERATIONS

Figure 1 shows the neutral bottom meson loops devoted
to the decays Y(10753) — 5,(5")). Similar to the early
treatment [32-34], we also interpret the Y(10753) as a
4S5-3D mixed state [32-34]. A short discussion of the
45-3D mixing scheme for the Y(10753) from a physical
point of view is given in Refs. [17,21,32]. In terms of the
S-D mixing scheme, the wave function of the Y'(10753) is
given by [17,32]

Y (10753) = Y(4S)sin6 + Y,(3°D,) cos 8, (1)
where 6 is a mixing angle to describe the proportion of
the partial waves. Y(4S) and Y, (3°D,) describe the wave
functions of the pure Y'(4S) and Y, (3°D,) states, respec-

tively. After taking into account the S-D mixing, the
Y(10580) that was usually regraded as the 4S5 state [4]

w(n/n") w(n/n")
+ +
yB*O yB*O
+ +

b My
(c)
w(n/n")
+
VB*O
+
M

FIG. 1. Feynman diagrams for the decay Y(10753) — n,@(7"")) in the neutral bottom meson loop mechanism. The corresponding
charged and strange bottom meson loops are not shown but included in the calculations. The symbol Y in the diagrams stands for the

Y(45) and Y, (3°D,).
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should be currently interpreted as another 45-3D mixture
and accordingly, has the wave function,

Y(10580) = Y'(4S)cos@ — Y(3°D,)sin6.  (2)

The mixing angle can be obtained from the dielectron
decay width [17,32],

4re?a?
Fee = —bfzﬁ
3my (10530 Y

= SO Y (10580)(0) Py ()
Y/(10580)

Here, fv stands for the decay constant, ¢, = —1/3 the
charge of the b quark in units of |e|, a =1/137 the
fine structure constant, my(josg) = 10579.4 MeV the mass

of the state Y'(10580), and Y(10580)(0) the wave func-
tion of the Y(10580) at the origin. In addition, £ = 0.968
is a relativistic factor, and By = 0.80 = 0.01 describes
the QCD one-loop perturbative corrections [17]. In
view of Y(45)(0) = 1.506 GeV*>? and Y,(3°D;)(0) =
0.0956 GeV*/? [17] together with Eq. (2), and with the
well established I',.(Y(10580)) = (0.272 £+ 0.029) keV
[4] for the physical states Y(10580), one finds the mixing
angle 0 = (27.7 £ 5.0)°, where the error is from the uncer-
tainty of the dielectron decay width for the Y(10580). This
estimation is consistent with the recent predicted value of
(33 +4)° by Li et al. [32].

Another way to estimate the mixing angle 6 is to use the
mass-mixing formula [4]. In terms of the quadratic mass
mixing scheme, the mixing angle € is governed by

m%r(10753) - m%‘(45) 4
2 — : (4)
Y(10753) ~ Y (10580)

cos?f =

m

A search in the literature yields that the mass of the pure
Y (4S) were theoretically predicted to range from 10607
to 10635 MeV [17-21,48]. This mass range leads to the
mixing angle between 23.4° and 36.1°, agreeing with the
results obtained by the foregoing fitting procedure.
Moreover, such mass range of the Y(4S) would require
the mass of the pure Y (3°D,) to be 1069810725 MeV,
coinciding also with the early theoretically predicted
masses from 10653 to 10717 MeV [17-21,48]. These
estimations provide ostensible feasibility of the formation
of the Y(10753) by the 4S-3D mixing, which needs
verification by comparing various predictions of this
mixing scheme to the experimental results. Furthermore,
it also indicates that the Y';(3°D,) is the dominant compo-
nent to form the Y(10753).

In the following, we shall, based on the 4S-3D mixing
scenario, investigate the decays of the Y(10753) to the
7, (18) with emission of the w, 5, and 7.

A. The effective Lagrangians

According to the heavy quark effective theory (HQET),
the interactions of the S-wave bottomonium Y(nS) and
ny(nS) with the bottom and antibottom mesons are
described by the Lagrangian [32,33,49,50],

ES = igYBBY”BT 6ﬂBT
et 37 pt _ pt 5P prat
+ 9vBB €uapd YV (B** 0 B' — BT 9 B*")
. — 2V e _ L
+ ngB*B*YM(ByT 0 B* + B 0 B’ — B} 2,B*")
3 =+ SH *T D* <H
- lgm,BB*nb(B’ 0 B,u + B,;d BT)
— “<a
= 03,88 €uap®NyB™ 0 BT + Hec. (5)

Here, B™) — (B(*)O,B(*)Jr,Bg*)o) and B®) = (B*)0 B(*)-,
Bﬁ*)o). The coupling constants are linked to each other
by a global constant g; and the mass of the involved

mesons, 1.€.,

Gy = 2g1mp~/my, (6a)
Gy = 2g91mp:/my, (6b)
Gye = 2g91\/ mp-mp/my, (6¢)
9y,BB* = 2g, \/mBTanb > (6d)
Gy, BB = 291’"3*/\/’”_;7,,- (6e)

The value of g, could be determined by the experimental or
theoretical branching ratios of the open b-flavored strong
decays. For those below the BB threshold, the g, could be
calculated by [41,46]

ny

a 2meY’

with the decay constant f+, which could be extracted from
the dielectron width I',, using Eq. (3).

The coupling of the D-wave bottomonium Y';(3°D;) to a
pair of bottom and antibottom mesons is [32,33,49]

9 (7)

Lp =igy,pY1,B" "B - igy, o5 Y1,(B 0BT
—4B;"9" Bt — Bt B
- 91(',BB*E,waﬁayY{f(B*/}T aﬂBT - B? aﬂB*/}T), (8)

where the coupling constants are governed by another
global factor g, in the following form:

10
9y,BB = ﬁgzmsvmn’ (9a)
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5 \/7
= — MpMp/ M . 9b
\/EgZ B'"'"'B / Y, ( )

9y,BB*
1
9y,p B = \/—1—592"’13* /My, . (9¢c)

Based on the heavy quark limit and chiral symmetry, the
interactions of the light vector and pseudoscalar mesons
with the heavy bottom mesons read [36,51,52]

~ TS¥ i v it (RT3 pepi
L =-igppyB; 0 B (Vﬂ>/_2fB*Bv€ymﬂ<5’V )j(Bi J B
By I A « TH i .
_Bi/ﬁa Bj)'i_lgB*B*VBina B/(V;)}
+idf gy Bl (04VT -0 VeT)iBy

~igu 5o (B0 P B~ B/ P 1)

1 * .o «
—i—EgB*B*PeﬂmﬂBi”T@”P’/T@ B +H.c., (10)

where the V and P are, respectively, the nonet vector and
pseudoscalar mesons in the matrix form,

0
\P/_E + uTJZ p+ K*+
V= - _2 e o 1, 11a
p Ls+4 K (11a)
K* I_{*O ¢
\z;_%_’_ﬂn\J/rEM z+ K+
pP— - _ a2 putyd 0 11
p Z iy K (11b)
K- K —yn+ pf

Here, # = cos(0p + arctan y/2) and y = sin(6p + arctan /2)
with the #-#' mixing angle 8p ranging from —24.6° to
—11.5° [4,36,53-56].

The coupling constants gz oy and gge pep could be
determined using the following relations [51]:

Pay

pr— * D% :—, 123

9pBv = 9B*B*'vV \/§ ( )
p A

fBBV_ Jv (12b)

fB*BV: Mg —\/59

. 2
9B BP :79' (12¢)

9B'B'P = ——
\/Mphp+ e

Here, # = 0.9 and gy = m,/f, with the pion decay con-
stant f, =132 MeV [49] and the p meson mass
m, =775.26 MeV [4]. Moreover, 1 =0.56 GeV~' and
g=0.59, based on the matching of the form factors
obtained from the light cone sum rule and from the lattice
QCD calculations [57].

B. Transition amplitudes

According to the mixed wave function of the Y(10753)
in Eq. (1), the amplitude of the decays we consider is
written as

M = M5sin@ + MP cos 0, (13)

where M5 and MP are the amplitudes due to the pure
Y (4S) and Y (3°D,) contributions, respectively, of which
the proportion is described by the mixing angle 6. The
amplitude M, for the Y(10753) — 5,0 and M for the
Y (10753) — 5,P (P = n,n) are, respectively, given as

1
M = e (Ve (@) + Ci), (14a)
V2
M = (V) x(NSP) + 5P)) 4 yss )], (14b)

where ¢#(Y') and € (w) are the polarization vectors of the
Y (4S)/Y(3°D;) and w, respectively. The factors x and y
equal to /2 and —y for the Y(10753) = n,n and to
y/V2 and B for the Y(10753) — 5,/. The tensor and
vector structures C,,’s, N,)’s, and S, correspond to
the summation of the charged, neutral, and strange
bottom meson loop integrals, governed by the foregoing
Lagrangians in Egs. (5), (8), and (10). Due to the light
flavor symmetry, the charged, neutral, and strange loop
integrals have the same form, for which only masses of the
intermediate mesons are different.

Selecting the neutral loop in Fig. 1(a) as an example,

the tensor structures N,%D) for the case of Y(p) —

B*(p1)B*(p2)[B°(q)] = ny(pa)(p;) explicitly read

4
S . d*q
Nﬂl(/a> = 13 /W [_gY'B*B* (plﬂgﬂ(l - (pl - pZ)yg(m - p2(lgﬂ(7)] [_2fB*BVp§(pl + q){seiuﬁ/}]

X [_ganB* (q - pZ)p]Daﬁ(ph mB*O)Dﬁp(pZ’ mB*O)D(q7 mBO)F(q’ mBO)’

ND(“)

X [_gr]bBB*(q - Pz)p]Daﬁ(Pl’mB*O)D{;’)(sz mpo)D(q, mpo)F(q, mpo).

(15a)

5 [ d*q
w' =1 / 2n) [=9v, 55 (P1oGua = 4(P1 = P2) a0 = P2a9uo) (=2 v D5 (21 + @) €155

(15b)
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Additionally, the vector structures Nﬁ(m for the case of Y'(p) = B*(p,)B**(p,)[B°(q)] = ny(pa)n")(ps) are

4
S(a) .- d*q
N, =13 /—(271)4 [=9v8 B (P16Gua =

X D% (py, mpo) D (p,, mpo)D(q, mgo)F(q, mpo),

(P1 = P2)yYac = P2a9us) (=98 8P P3pl = 9,88 (4 — P2),)]

(16a)

o 5 [ d'q
NZY =2 [ = gvp 5 (PioGua = 4(P1 = P2)ubas = P2~ 95 50 D3] =Gn, 5 (a = P2),]
(27)

X DY (py, mpo)D%(py, mpo)D(q, mpo ) F(q, mpo).

Here, D and D", respectively, represent the propagators
for the scalar B and vector B* in the following form:

1
D(p, =, 17
(P mB) pz_m%+1€ ( a)
17 WV 2*
Do (pomy) = L PP g

p? —m3 +ie

Moreover, the F(g,mg) is a form factor to account for

the off shell effect as well as the inner structure of the

exchanged mesons [58—62]. Here, we adopt a dipole form
factor [52],

m2 _ AZ 2

F(qm) = <q2_[\2> ) (18)

where g and m stand for the momentum and mass of the
exchanged meson, respectively; A = m + alAgcp Wwith
Agep = 0.22 GeV [62], in which the a is usually regarded
as an undetermined parameter in the vicinity of unity. In
present calculations, we take the « ranging from 0.2 to 1.0.
To obtain the charged and strange terms Cy(,) and S, in
Eq. (14), we only need to replace the neutral B’s by charged
and strange ones. The tensor and vector structures N, for
the Figs. 1(b)-1(f) are given in the Appendix. The partial
decay widths of the Y(10753) — 5,w(;"") are given by

o |l7| |MY(10753)—»W(;1</>) |2

Y (10753 ")
[Y'( )= mpo(n')] 24m%(

. (19)
10753)

where a summation over the polarizations of initial and
final vector mesons is included. p is the three momentum of
the final light mesons.

III. NUMERICAL RESULTS AND DISCUSSION

In Ref. [20], the total width of the pure Y(4S) was
predicted to be 24.7 MeV, of which the branching fraction
for the Y(4S) — BB approaches unity. In view of the
experimental measurement that the branching fractions for

(16b)

the Y(10580) — B°B° and Y(10580) — B*B~ are nearly
equal and their sum is larger than 0.96 [4], we therefore
assume that the total width of the pure Y'(45) are saturated
by the two processes Y (4S) — B°B® and Y (4S) - B*B~
with equal proportion. According to the two-body decay
model together with the interactions in Eq. (5), we get the
coupling constant of the Y'(4S) to BB is about 13.343, and
g; = 0.388 GeV~/2. Then, the other relevant constants
can be obtained using Eq. (6).

To determine the coupling constants for the interactions
of the pure Y,(33D;) with the B(i>B(§), we employ the
theoretically predicted partial widths of the Y;(3°D;)
decaying to B*B™*) [20]. We obtain the coupling constants
of the Y,(3°D,) to the nonstrange BB, BB* + c.c., and
B*B* are 3.492, 0.394GeV~', and 4.215, respectively.
It is worth mentioning that these above values go against
the relations in Eq. (9). Consequently, in our calculations,
we ignore the constraint among Eqgs. (9a)-(9¢) and use
three different g,’s instead, namely, for the coupling of
the Y(3°D,) to BB, BB* +c.c., and B*B* and the cor-
responding strange bottom meson pairs, the global con-
stants ¢,’s equal to 0.078, 0.188, and 0.938 GeV~/2,
respectively.

In order to estimate the coupling constant of the 7, and
the possible bottom meson pairs, we need to calculate the
decay constant of the Y(1S) using Eq. (3). In terms of
I',, = 1.340 keV for the Y(1S) [4], fy is about 0.715 GeV,
and thereby leading to g; = 0.407 GeV~>/2, which is
similar to the result in Ref. [41]. For easy reference, we
summarized the global factors g, and g, obtained above in
Table I.

TABLE 1. Global parameters g, and g, (units: GeV~—/%) we
employed in the calculations. Their estimations are based on the
theoretical and experimental data in Refs. [4,20].

9 9 BBy BBl +cc BB,
Y(45) 0388 0388 0388
Y,(3°D)) 0.078 0.188 0.938
n - 0.407 0.407
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Branching Fraction

104

10° F E

0.2 0.4 0.6 0.8 1.0
Model Parameter, o

FIG. 2. Branching fractions of the processes Y(10753) — n,w,
11, and 1,1’ . The 45-3D mixing angle is fixed to be 33°, and the
n-n’ mixing angle is taken to be the widely used value of —19.1°
that was determined by DM2 Collaboration [63]. The light-
colored bands indicate the margin of error resulting mainly from
the errors of the mass and width for the Y'(10753) and of the
4S-3D mixing angle.

Figure 2 shows the branching fractions for the decays of
Y (10753) — n,, nyn, and i,y as a function of the model
parameter « introduced in the form factor [see Eq. (18)].
The calculation were performed using the 45-3D mixing
angle of 33° and the #-7' mixing angle of —19.1° that was
determined by DM2 Collaboration [63]. The parameter « is
varied from 0.2 to 1.0. It is seen that the results are strongly
sensitive to the parameter a, changing from about 10> to
1072, Explicitly,

B(Y(10753) = n,w) =3.3x 1075 ~ 1.3 x 1072,
B(Y(10753) = nn) = 1.5 x 107 ~ 1.2 x 1072,
B(Y(10753) = n,') = 1.5 x 1075 ~ 8.4 x 1073,

In the absence of relevant experimental data, it seems
difficult to narrow down the a range. However, it is recalled
that the Y(10753) have the same quantum numbers
JP€ =177 with Y(10580) and Y(10860), and its mass
is between m]'(l()sgo) and my<10860). Within the S-D mixing
framework, it is, hence, plausible to expect that the
Y(10753) has comparable decay modes to the Y(10580)
and Y(10860). In view of the fact that the branching
fraction for the Y'(10580) — 7, was measured to be less
than 1.8 x 10~* and for the Y'(10860) — 7, @ it was smaller
than 1.3 x 1073 [4], we could limit the « value to 0.3-0.5.
Such small a’s or even smaller ones were selected in
previous work [33,36]. In this range of the «, the predicted
partial widths for all the decays we consider are between 1
and 50 keV,

T T T T T T T
Y
102F -~ 1
c
i)
°
o
5 103F
£ ;
<
[8)
c
o
s
10 3 E
-24 -22 -20 -18 -16 -14 -12
n—n Mixing Angle, G (Degree)
FIG. 3. Branching factions of the decays Y'(10753) — 7,5 and

Y(10753) — 5,1 as a function of the #-#' mixing angle 6p. The
model parameter o is fixed at 0.5. The light-colored bands
describe the errors due to errors of the Y(10753) mass and
width, and the 45-3D mixing angle. Again, the 4S-3D mixing
angle is set to be 33°.

T(Y(10753) = n,w) = (5.6 ~ 38.8) keV,
T(Y(10753) = ) = (2.8 ~23.4) keV,
T(Y(10753) = npi) = (2.7 ~20.2) keV.

It should be noted that the partial decay widths of the
Y(10753) - 5, we obtained using the S-D mixing
scenario are much smaller than those predicted when
assigning the Y(10753) as a tetraquark state, under which
the predicted width is (2.461}/0) MeV [22]. This great
difference is quite favorable for us to distinguish the
internal structure of the Y'(10753) when we have relevant
experimental data in the future. That is to say, when the
future experiments give smaller widths on the order of keV
for the Y(10753) — n,w, the Y(10753) appears to favor
the 45-3D mixed state.

In Fig. 3, the branching fractions of the decays
Y(10753) - n,n and n,n" are plotted for different n-n’
mixing angles. These calculations were performed at the
fixed model parameter @ = 0.5. As seen, with increasing
the n-#' mixing angle Op, the branching fraction for
the Y(10753) — 5,n decreases distinctly, while for the
Y(10753) — 5,1/, the branching fraction exhibits only a
slight increase. In the vicinity of 0p = —18°, the branching
fractions for these two decays are more likely to be equal.

The strong a dependence is usually weakened when
considering the relative ratios between the branching
fractions of different processes. We here define the follow-
ing ratios:

R, B(Y(10753) — nyn)

e = B(Y(10753) = nyw)’ (20a)

014039-6



HIDDEN-BOTTOM HADRONIC TRANSITIONS OF Y(10753)

PHYS. REV. D 109, 014039 (2024)

— 17y (-19.1°)
- i (-19.1°)
10F - il o (-14.4°) ]

o
a
T

Relative Ratio

]

i

i

S
Q~
RS

=

o

5]
-~
N
>
i
<
. \\

- L 1

00 1 1 1
0.2 0.4 0.6 0.8 1.0

Model Parameter, o

FIG. 4. Calculated ratios R, and R/, defined in Eq. (20).
The light-colored bands depict the errors of the ratios that are
caused by the errors of the Y(10753) mass and the 45-3D mixing
angle. We select two 5-' mixing angles of —19.1° [63] and
—14.4° [64], and the 4S-3D mixing angle is 33°.

- B(Y(10753) = n,1')
e = B(Y(10753) — o)

R (20b)

The calculated relative ratios for two 7-1' mixing angles of
Op = —19.1° and Op = —14.4° are shown in Fig. 4. It is seen
that although the « dependence exists, it is actually
weakened strongly in comparison to the absolute branching
fractions shown in Fig. 2 that cover 3 orders of magnitude.

T T .
Theo. Exp.UL @ 90% CL
10F 3,18 Y(1S)2r: —— . ]
F n,(1S)0lY(2S) 27 - - - - o
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=
v
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Model Parameter, o

FIG.5. The ratio of B(Y'(10753) — 1,(18)w)/B(Y(10753) —
Y(nS)ztz~) (n =1, 2) for different model parameter «’s. The
4S5-3D mixing angle is set to be 33°. As labeled by the texts in
the graph, the lines represent the theoretical predictions, and the
points stand for the upper limits of the experimental results at
90% confidence level, which are extracted from Refs. [14,65].
The errors indicated by the light-colored band only consider the
contribution from the Y'(10753) — n,w.

On the other hand, the ratio R, , changes strongly with
the 7-n" mixing angle, while the R,/ /,, varies slightly. This
finding is straightforward in view of the results shown
in Fig. 3.

Moreover, we calculated the ratio of Ry, ./ (y(ns)zr) =
B(Y(10753) — n,(18)w)/B(Y(10753) - Y(nS)n"z")
(n =1, 2). The calculation procedure for the Y(10753) —
Y(nS)ztz~ are similar with that by Bai et al. in Ref. [34]
so that the related details are not repeated. The calculated
results are shown in Fig. 5. For comparison, we also show
the upper limits of the experimental data at 90% confidence
level as the points, which are extracted from Refs. [14,65]. It
is clearly seen that the ratios R,y (ns)sr are nearly inde-
pendent of the model parameter a. The theoretical values of
Ry, 0/x(15)2x a0d Ry, /1y (25)22 are, respectively, around 0.4
and 0.2, which are in line with the experimental measure-
ments with the upper limits of 2.5 4 1.3 and 0.83 + 0.28 for
the cases of Y(10753) — Y(1S)zz and Y (2S)zz, respec-
tively. This finding, to some extent, supports the interpreta-
tion of the Y(10753) as a 45-3D mixture.

IV. SUMMARY

Calculations of partial decay widths of the Y(10753) —
nyw, npn, and n,y through the intermediate meson loop
mechanism have been performed using an effective
Lagrangian approach. In the calculations, we assumed that
the Y'(10753) is a 4S-3D mixed state with a mixing angle of
33°. The branching fractions of these decay processes are
predicted to be 107*~10% when the model parameter « is
between 0.3 and 0.5, which correspond to partial widths of
1-50 keV. For the decays of Y(10753) — #,n and n,7/,
their branching fractions depend on the #-1’ mixing angle.

Moreover, the relative ratios of the process Y(10753) —
nyw to Y(10753) — Y'(nS)ztz~ (n = 1, 2) are found to be
in accordance with the experimental results. Our calculated
results tend to support the interpretation of the Y'(10753) as
a 45-3D mixture. It is hoped that the present calculated
results could be verified by the experiments in Belle II.
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APPENDIX: TENSOR AND VECTOR STRUCTURES IN EQ. (14)

Here, we only give the tensor and vector structures N () in Eq. (14) for the Figs. 1(b)-1(f). The terms C,,) and S, can be

(x)0

readily obtained by changing the neutral B into corresponding charged and strange ones.

In the cases of the Y(p) — B**(p)B*(p,)[B°(q)] = n,,(ps)@(p3) depicted in the Figs. 1(b)-1(f), we have

d
S(b . q — p
Nm(/ ) = 13 / (2 )4 [_gYB*B* (p]o-gua (pl pZ)ygtlrf 20!9/“’)]

X [gB*B*V(pl + q)ygﬁlc - 4fB*B*V(p3Kguﬂ - P3ﬁgw<ﬂ [—9:7,,3*3* Pf(‘] - Pz)gegr(/}p]
x DY (py, mgo) D% (py, mgo) DX (g, mgo ) F (g, mpgeo),

by _ 5 [ d'q
N}?IJ( ) =i 4 [_ngB*B* (plo'g/wc - 4(]71 - pZ)ﬂgav - pZagﬂo‘)]
(27)

X [93*3*\/(1’1 + Q)ygﬂx - 4fB*B*V(p3ngﬂ - P3ﬁ9m<)] [—gan*B*Pf(q - p2)§€§‘r¢p]
X D% (py, mp0) D (ps, mpo ) D (q, mpo ) F(q, mpeo).

4
S . d*q
Nﬂ£C> =i / (2”)4 [_QYBB*Pé(Pl - pz)}/e-fﬂa}’] [QB*B*V(PI + ‘])ygﬂx - 4fB*B*V(p3ngﬂ - pSﬂgwc)]
X [=Gy,88° (g = P2) D (py, myo)D(pa, mpo) D (q, mpo)F(q, mgo),
N _p [ da ; y 4
w =1 W [_QYBB*P (Pl - Pz) %my} [93*3*\/(191 + Q)ygﬁ’lc - fB*B*V(p3/<gyﬂ - P3/39w()]

X [_gnhBB*(q - Pz)T]Daﬂ(Plva*O)D(Pz’ Mo ) D (q, mpo ) F(q, mpeo).

4
4 . d’q

N;% ) - 13 PRV [gYBB*pg(pl - p2)7€§/my] [2fB*BVp§ (pl + Q)(se/lmik] [_gan*B*Pf(q - p2)§€§f¢p]
(27)

X D(py,mpo) D% (pa, mpo) D (g, mpo) F(gq, mpe),

d4

D(d . q

N;w( )= 719y, 88 P*(P1 = P2) €cuay | 12f 5 v P (21 + @) €105] [‘%B*B*P?(q — P2)%€cegp)
(27)

X D(py, mpo)D? (pa, mpo) D (g, mpo) F (g, mpe).

o _ 4 [ d'q
N/% =7 / (27[)4 [~9ves(P1 — Pz),;][zfzs**zavl?’a1 (p1+ CI)§€MK] [—9;7,,33*(6] — P2)d

X D(py,mpo)D(pa, mpo) D*(q, mypo ) F(g, mpo),

o _ 4 [ d'q
N;Lt)v( )= 13/ [=9vs8(P1 = P2)J2f 58y P (P1 + @)1 [, 85 (4 = P2).]

(27)*

X D(py,mgo)D(py, mpo)D¥* (g, mpo)F(q, mp).

. d*q
N,i(/f) =i / (27[)4 [QYBB*P'f(m - Pz)y%my] (~988v(P1 +q),] [—gn,,BB*(CI - Pz),)]

X D(py,mgo)D%(py, mpo)D(q, mpo)F(q, myo),

) d*q
N,?y(f) =i 1 [ngBB*pé(pl - p2>y€§/wy] [~98sv(P1 +q),] [—9;1,,33*(6] - Pz)p]
(27)

X D(py,mpo)D?(py, mpo)D(q, mpo)F(q, mpo).
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In the cases of the Y(p) — B*(p,)B*(p,)[B°(q)] = n,(ps)w(p3) depicted in the Figs. 1(b)-1(e), we have

4
O d*q
Nﬂ( )= i’ /—(27[)4 [~9ve B (plag;wc —(p1 = Pz)ﬂgan - pZag/m)][_gB*B*Pplllqéellﬁ&SK]

X [_gm,B*B*pf(q - pZ)CEerﬁp]Daﬁ(pl’mB*O)DGp(pZ’ mB*O)DKT(%mB‘))F(‘L mB*O)’ (A6a)

4
D(b) . d*q
NI‘( ) = 13 / (271’)4 [_gY]B*B* (pl()'gﬂ(l - 4(p1 - pZ)ﬂga(}' - p2(lgﬂ(7)][_gB*B*Pp/}q{Sei/)’(SK]

X [—gan*B* PZ)(C] - pZ)geirqﬁp}Daﬂ(pl’mB*O)Dﬁﬂ(p% My ) D (q, mpo ) F(q, mpeo). (A6D)

4
S(e . d*q

N =8 | e gvpm P (P1 = P2 €oua) =95 5 p P4 €1p5e) (=G, 5 (4 = D))
(27)

X D% (py, mpo)D(pa, mp0)D**(q, mpo)F(q, mge), (A7a)

4
D . d*q
Ny = i? / —(2ﬂ)4 [_ngBB* Pg(Pl - p2)}/€§ﬂa}’] [—QB*B*PP'%CI%WK] [_gm,BB* (g - Pz)f}

x DP(py.mpo)D(pa. mpo) D (q. mpo ) F(q. mpe). (A7b)

4
S . d*q
Nﬂ( = /—(2ﬂ>4 (988 P*(P1 = P2) €2u07) |98 BP P3] [—anB*B*PZ)W — P2) €cegp)

X D(py, mg0)D%(p,y, mpo) D (q, mpo ) F(q, mpeo), (A8a)

4
D(d . d q 17
N”( ) = i /—(271)4 [ngBB*pg(pl - pZ)yglf;my] [gB*BPPSK} [_gnhB*B*pé{(q - p2)§€§r¢/J]

X D(py,mg0)D(py, mpo) D" (q, mgo ) F(q, mpe). (A8b)

o 4 [ d'q
Ni( ) = 13/ (2”)4 [~9ves(P1 — Pz),,”gB*Bme] [_gm,BB* (¢ = p2)

X D(py, mgo)D(pa, mgo)D**(q, mpo)F(q, mgo), (A9a)
d*q
D .
N& (e) _ 13/(2”)4 [_gY,BB(pl - Pz),,”gB*Bppax] [_gm,BB* (g - Pz)r}
X D(py,mgo)D(py, mpo)D¥* (g, mpo)F(q, mp). (A9b)
[1] N. Brambilla, M. Krimer, and R. Mussa et al., arXiv:hep- [4] R.L. Workman et al. (Particle Data Group), Prog. Theor.
ph/0412158. Exp. Phys. 2022, 083CO1 (2022).
[2] E. Eichten, S. Godfrey, H. Mahlke, and J. L. Rosner, Rev. [5] S.-K. Choi et al. (Belle Collaboration), Phys. Rev. Lett. 91,
Mod. Phys. 80, 1161 (2008). 262001 (2003).
[3] N. Brambilla, S. Eidelman, and B. K. Heltsley et al., Eur. [6] A. Bondar et al. (Belle Collaboration), Phys. Rev. Lett. 108,
Phys. J. C 71, 1534 (2011). 122001 (2012).

014039-9


https://arXiv.org/abs/hep-ph/0412158
https://arXiv.org/abs/hep-ph/0412158
https://doi.org/10.1103/RevModPhys.80.1161
https://doi.org/10.1103/RevModPhys.80.1161
https://doi.org/10.1140/epjc/s10052-010-1534-9
https://doi.org/10.1140/epjc/s10052-010-1534-9
https://doi.org/10.1093/ptep/ptac097
https://doi.org/10.1093/ptep/ptac097
https://doi.org/10.1103/PhysRevLett.91.262001
https://doi.org/10.1103/PhysRevLett.91.262001
https://doi.org/10.1103/PhysRevLett.108.122001
https://doi.org/10.1103/PhysRevLett.108.122001

LIU, CAL JIA, LI, and XIE

PHYS. REV. D 109, 014039 (2024)

[7] N. Brambilla, S. Eidelman, C. Hanhart, A. Nefediev, C.-P.
Shen, C. E. Thomas, A. Vairo, and C.-Z. Yuan, Phys. Rep.
873, 1 (2020).
[8] F.-K. Guo, C. Hanhart, U.-G. MeiBner, Q. Wang, Q. Zhao,
and B.-S. Zou, Rev. Mod. Phys. 90, 015004 (2018).
[9] R.F. Lebed, R. E. Mitchell, and E. S. Swanson, Prog. Part.
Nucl. Phys. 93, 143 (2017).
[10] Y.S. Kalashnikova and A. V. Nefediev, Phys. Usp. 62, 568
(2019).
[11] H.-X. Chen, W. Chen, X. Liu, and S.-L. Zhu, Phys. Rep.
639, 1 (2016).
[12] L. Meng, B. Wang, G.-J. Wang, and S.-L. Zhu, Phys. Rep.
1019, 1 (2023).
[13] V. Baru, E. Epelbaum, A. Filin, C. Hanhart, and A.
Nefediev, J. High Energy Phys. 06 (2017) 158.
[14] R. Mizuk et al. (Belle Collaboration), J. High Energy Phys.
10 (2019) 220.
[15] I. Adachi et al. (Belle II Collaboration), Phys. Rev. Lett.
130, 091902 (2023).
[16] Q. Li, M.-S. Liu, Q.-F. Lii, L.-C. Gui, and X.-H. Zhong, Eur.
Phys. J. C 80, 59 (2020).
[17] A.M. Badalian, B. L. G. Bakker, and I. V. Danilkin, Phys.
At. Nucl. 73, 138 (2010).
[18] S. Godfrey and K. Moats, Phys. Rev. D 92, 054034
(2015).
[19] J. Segovia, P. G. Ortega, D. R. Entem, and F. Ferndndez,
Phys. Rev. D 93, 074027 (2016).
[20] J.-Z. Wang, Z.-F. Sun, X. Liu, and T. Matsuki, Eur. Phys.
J. C 78, 915 (2018).
[21] A.M. Badalian, B. L. G. Bakker, and I. V. Danilkin, Phys.
Rev. D 79, 037505 (2009).
[22] Z.-G. Wang, Chin. Phys. C 43, 123102 (2019).
[23] P. Bicudo, N. Cardoso, L. Mueller, and M. Wagner, Phys.
Rev. D 107, 094515 (2023).
[24] P. Bicudo, N. Cardoso, L. Miiller, and M. Wagner, Phys.
Rev. D 103, 074507 (2021).
[25] A. Ali, L. Maiani, A. Y. Parkhomenko, and W. Wang, Phys.
Lett. B 802, 135217 (2020).
[26] J. Tarris Castella and E. Passemar, Phys. Rev. D 104,
034019 (2021).
[27] N. Hiisken, R. E. Mitchell, and E. S. Swanson, Phys. Rev. D
106, 094013 (2022).
[28] W.-H. Liang, N. Ikeno, and E. Oset, Phys. Lett. B 803,
135340 (2020).
[29] V. Kher, R. Chaturvedi, N. Devlani, and A.K. Rai, Eur.
Phys. J. Plus 137, 357 (2022).
[30] J.F. Giron and R.F. Lebed, Phys. Rev. D 102, 014036
(2020).
[31] B. Chen, A. Zhang, and J. He, Phys. Rev. D 101, 014020
(2020).
[32] Y.-S. Li, Z.-Y. Bai, Q. Huang, and X. Liu, Phys. Rev. D 104,
034036 (2021).
[33] Y.-S. Li, Z.-Y. Bai, and X. Liu, Phys. Rev. D 105, 114041
(2022).
[34] Z.-Y. Bai, Y.-S. Li, Q. Huang, X. Liu, and T. Matsuki,
Phys. Rev. D 105, 074007 (2022).

[35] J. M. Gens, J. F. Giron, and R. F. Lebed, Phys. Rev. D 103,
094024 (2021).

[36] Q. Wu, Y. Zheng, S. Liu, and G. Li, Phys. Rev. D 107,
034028 (2023).

[37] X.-Y. Wang, Z.-X. Cai, G. Li, S.-D. Liu, C.-S. An, and
J.-J. Xie, Eur. Phys. J. C 83, 186 (2023).

[38] Q. Wu, D.-Y. Chen, and F.-K. Guo, Phys. Rev. D 99, 034022
(2019).

[39] Y. Zhang and G. Li, Phys. Rev. D 97, 014018 (2018).

[40] Q. Huang, H. Xu, X. Liu, and T. Matsuki, Phys. Rev. D 97,
094018 (2018).

[41] Q. Huang, X. Liu, and T. Matsuki, Phys. Rev. D 98, 054008
(2018).

[42] Q. Huang, B. Wang, X. Liu, D.-Y. Chen, and T. Matsuki,
Eur. Phys. J. C 77, 165 (2017).

[43] Y.-H. Chen, M. Cleven, J. T. Daub, F.-K. Guo, C. Hanhart,
B. Kubis, U.-G. Meifiner, and B.-S. Zou, Phys. Rev. D 95,
034022 (2017).

[44] B. Wang, X. Liu, and D.-Y. Chen, Phys. Rev. D 94, 094039
(2016).

[45] W.-S. Huo and G.-Y. Chen, Eur. Phys. J. C 76, 172 (2016).

[46] G. Li and Z. Zhou, Phys. Rev. D 91, 034020 (2015).

[47] G.Li, E-l. Shao, C.-W. Zhao, and Q. Zhao, Phys. Rev. D 87,
034020 (2013).

[48] S. Godfrey and N. Isgur, Phys. Rev. D 32, 189 (1985).

[49] R. Casalbuoni, A. Deandrea, N. Di Bartolomeo, R. Gatto, F.
Feruglio, and G. Nardulli, Phys. Rep. 281, 145 (1997).

[50] Q. Wu and D.-Y. Chen, Phys. Rev. D 104, 074011
(2021).

[51] Q. Wu, D.-Y. Chen, and T. Matsuki, Eur. Phys. J. C 81, 193
(2021).

[52] Y. Wang, Q. Wu, G. Li, W.-H. Qin, X.-H. Liu, C.-S. An, and
J.-J. Xie, Phys. Rev. D 106, 074015 (2022).

[53] G. Li, X.-H. Liu, Q. Wang, and Q. Zhao, Phys. Rev. D 88,
014010 (2013).

[54] Q. Wang, G. Li, and Q. Zhao, Phys. Rev. D 85, 074015
(2012).

[55] C. Amsler and F. E. Close, Phys. Rev. D 53, 295 (1996).

[56] J. L. Rosner, Phys. Rev. D 27, 1101 (1983).

[57] C. Isola, M. Ladisa, G. Nardulli, and P. Santorelli, Phys.
Rev. D 68, 114001 (2003).

[58] N. A. Tornqvist, Z. Phys. C 61, 525 (1994).

[59] M. P. Locher, Y. Lu, and B. S. Zou, Z. Phys. A 347, 281
(1994).

[60] O. Gortchakov, M. P. Locher, V. E. Markushin, and S. von
Rotz, Z. Phys. A 353, 447 (1996).

[61] X.-Q. Li, D. V. Bugg, and B.-S. Zou, Phys. Rev. D 55, 1421
(1997).

[62] H.-Y. Cheng, C.-K. Chua, and A. Soni, Phys. Rev. D 71,
014030 (2005).

[63] J. Jousset et al. (DM2 Collaboration), Phys. Rev. D 41, 1389
(1990).

[64] F. Ambrosino et al. (KLOE Collaboration), J. High Energy
Phys. 07 (2009) 105.

[65] S. Chengping, in Proceedings of the The 8th Workshop of
Chiral Efficient Field Theory (2023).

014039-10


https://doi.org/10.1016/j.physrep.2020.05.001
https://doi.org/10.1016/j.physrep.2020.05.001
https://doi.org/10.1103/RevModPhys.90.015004
https://doi.org/10.1016/j.ppnp.2016.11.003
https://doi.org/10.1016/j.ppnp.2016.11.003
https://doi.org/10.3367/UFNe.2018.08.038411
https://doi.org/10.3367/UFNe.2018.08.038411
https://doi.org/10.1016/j.physrep.2016.05.004
https://doi.org/10.1016/j.physrep.2016.05.004
https://doi.org/10.1016/j.physrep.2023.04.003
https://doi.org/10.1016/j.physrep.2023.04.003
https://doi.org/10.1007/JHEP06(2017)158
https://doi.org/10.1007/JHEP10(2019)220
https://doi.org/10.1007/JHEP10(2019)220
https://doi.org/10.1103/PhysRevLett.130.091902
https://doi.org/10.1103/PhysRevLett.130.091902
https://doi.org/10.1140/epjc/s10052-020-7626-2
https://doi.org/10.1140/epjc/s10052-020-7626-2
https://doi.org/10.1134/S1063778810010163
https://doi.org/10.1134/S1063778810010163
https://doi.org/10.1103/PhysRevD.92.054034
https://doi.org/10.1103/PhysRevD.92.054034
https://doi.org/10.1103/PhysRevD.93.074027
https://doi.org/10.1140/epjc/s10052-018-6372-1
https://doi.org/10.1140/epjc/s10052-018-6372-1
https://doi.org/10.1103/PhysRevD.79.037505
https://doi.org/10.1103/PhysRevD.79.037505
https://doi.org/10.1088/1674-1137/43/12/123102
https://doi.org/10.1103/PhysRevD.107.094515
https://doi.org/10.1103/PhysRevD.107.094515
https://doi.org/10.1103/PhysRevD.103.074507
https://doi.org/10.1103/PhysRevD.103.074507
https://doi.org/10.1016/j.physletb.2020.135217
https://doi.org/10.1016/j.physletb.2020.135217
https://doi.org/10.1103/PhysRevD.104.034019
https://doi.org/10.1103/PhysRevD.104.034019
https://doi.org/10.1103/PhysRevD.106.094013
https://doi.org/10.1103/PhysRevD.106.094013
https://doi.org/10.1016/j.physletb.2020.135340
https://doi.org/10.1016/j.physletb.2020.135340
https://doi.org/10.1140/epjp/s13360-022-02538-5
https://doi.org/10.1140/epjp/s13360-022-02538-5
https://doi.org/10.1103/PhysRevD.102.014036
https://doi.org/10.1103/PhysRevD.102.014036
https://doi.org/10.1103/PhysRevD.101.014020
https://doi.org/10.1103/PhysRevD.101.014020
https://doi.org/10.1103/PhysRevD.104.034036
https://doi.org/10.1103/PhysRevD.104.034036
https://doi.org/10.1103/PhysRevD.105.114041
https://doi.org/10.1103/PhysRevD.105.114041
https://doi.org/10.1103/PhysRevD.105.074007
https://doi.org/10.1103/PhysRevD.103.094024
https://doi.org/10.1103/PhysRevD.103.094024
https://doi.org/10.1103/PhysRevD.107.034028
https://doi.org/10.1103/PhysRevD.107.034028
https://doi.org/10.1140/epjc/s10052-023-11333-0
https://doi.org/10.1103/PhysRevD.99.034022
https://doi.org/10.1103/PhysRevD.99.034022
https://doi.org/10.1103/PhysRevD.97.014018
https://doi.org/10.1103/PhysRevD.97.094018
https://doi.org/10.1103/PhysRevD.97.094018
https://doi.org/10.1103/PhysRevD.98.054008
https://doi.org/10.1103/PhysRevD.98.054008
https://doi.org/10.1140/epjc/s10052-017-4726-8
https://doi.org/10.1103/PhysRevD.95.034022
https://doi.org/10.1103/PhysRevD.95.034022
https://doi.org/10.1103/PhysRevD.94.094039
https://doi.org/10.1103/PhysRevD.94.094039
https://doi.org/10.1140/epjc/s10052-016-4013-0
https://doi.org/10.1103/PhysRevD.91.034020
https://doi.org/10.1103/PhysRevD.87.034020
https://doi.org/10.1103/PhysRevD.87.034020
https://doi.org/10.1103/PhysRevD.32.189
https://doi.org/10.1016/S0370-1573(96)00027-0
https://doi.org/10.1103/PhysRevD.104.074011
https://doi.org/10.1103/PhysRevD.104.074011
https://doi.org/10.1140/epjc/s10052-021-08984-2
https://doi.org/10.1140/epjc/s10052-021-08984-2
https://doi.org/10.1103/PhysRevD.106.074015
https://doi.org/10.1103/PhysRevD.88.014010
https://doi.org/10.1103/PhysRevD.88.014010
https://doi.org/10.1103/PhysRevD.85.074015
https://doi.org/10.1103/PhysRevD.85.074015
https://doi.org/10.1103/PhysRevD.53.295
https://doi.org/10.1103/PhysRevD.27.1101
https://doi.org/10.1103/PhysRevD.68.114001
https://doi.org/10.1103/PhysRevD.68.114001
https://doi.org/10.1007/BF01413192
https://doi.org/10.1007/BF01289796
https://doi.org/10.1007/BF01289796
https://doi.org/10.1007/BF01285155
https://doi.org/10.1103/PhysRevD.55.1421
https://doi.org/10.1103/PhysRevD.55.1421
https://doi.org/10.1103/PhysRevD.71.014030
https://doi.org/10.1103/PhysRevD.71.014030
https://doi.org/10.1103/PhysRevD.41.1389
https://doi.org/10.1103/PhysRevD.41.1389
https://doi.org/10.1088/1126-6708/2009/07/105
https://doi.org/10.1088/1126-6708/2009/07/105

