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To distinguish the low-lying vector beauty-charm meson, we systematically study the B�
c → Bc þ γ,

B�
c → lþ νl, and Bð�Þ

c → J=ψ þ nh processes within effective theory by the helicity decomposition

method. The significant difference of polarization asymmetry in Bð�Þ
c → J=ψ þ nh indicates a general law

in vector-to-vector and pseudoscalar-to-vector transition processes, which can be tested in current and
future LHC experiments. In the end, we discuss the experiment search and discovery potential for the
low-lying vector beauty-charm meson.
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Introduction. Understanding of quantum chromodynamics
(QCD) color confinement is one of the fundamental goals
of particle physics. The low-lying vector beauty-charm
meson B�

c is believed to exist in various quark models and
lattice simulations of first principles QCD but has not been
identified in particle experiments. The B�

c meson has
become the last missing piece of the low-lying vector
meson spectroscopy puzzle since the next to last vector
ground state B�

s was probed by the CUSB-II detector in
1990 [1].
The long-standing difficulties to discover the B�

c meson
come from two aspects. On the one hand, the B�

c meson is
produced in large quantities at hadron colliders while
observation of the major decay channel B�

c → Bc þ γ is
extremely difficult due to the low energy of the photon. The
complete determination of both the emitted photon energy
and the decay width is not given in literature. Recently, the
second and third members of the beauty-charm meson
family, i.e. first radially excited pseudoscalar and vector
states Bcð2SÞ and B�

cð2SÞ, were just discovered and
confirmed by investigating the Bc þ 2π invariant mass
spectrum in CMS [2] and LHCb [3] experiments after
previous pioneering observation of one excited peak at the
ATLAS detector [4]. In both CMS and LHCb experiments,

two excited structures are observed but reconstruction of
the B�

cð2SÞ state relies on the unknown photon due to
B�
cð2SÞ → B�

cð→ Bc þ γÞ þ 2π, where the absolute mass
satisfies mB�

cð2SÞ ¼ mB�
cð2SÞjrec þ Eγ with the missing pho-

ton energy Eγ ¼ ΔMbc̄ð1SÞ ¼ mB�
c
−mBc

. Thus the probe of
the B�

c meson will affect the final determination of B�
cð2SÞ

absolute mass. The precise study of hyperfine mass split-
ting is also helpful in understanding the low-energy
effective theory of QCD.
On the other hand, the partial decay widths of weak

decay channels such as B�
c → J=ψ þ XH;L are expected to

have same order of magnitude compared to that of the
ground beauty-charm meson decays Bc → J=ψ þ XH;L

with H (L) denoting hadrons (leptons). But the weak decay
rates of B�

c is suppressed by a factor ΓðBcÞ=ΓðB�
cÞ with

magnitude around 10−4 to 10−5. Using the data sample
corresponding to an integrated luminosity of 9 fb−1, the
LHCb Collaboration has successfully measured 36463
Bc → J=ψ þ XH weak decay events [5]. Thus one can
expect several B�

c weak decay events in LHCb Run-2
existing data samples. However, the reconstruction of B�

c

weak decay events is still challenging because the small
hyperfine mass splitting of beauty-charm mesons leads to
two relatively close peaks, and one peak is very high due to
a large number of Bc decay events.
In this Letter, we present the important polarization

analysis of B�
c electromagnetic and weak decays. We

generalize the low-energy effective theory for heavy quar-
konium electromagnetic interactions into an unequal quark
mass case. The decay width of radiative decay B�

c → Bc þ γ
is investigated in a model-independent way, where the
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dependence of B�
c electromagnetic decay widths on the

emitted photon energy is given. The weak decays of Bð�Þ
c →

J=ψ þ nπ are studied in QCD effective theory. By fitting
the Bc → J=ψ þ 3π partial distribution data in the LHCb
experiment, we can extract the spectra function of three
pions. We find that the spectra function of three pions is
major from two resonance contributions, i.e. the a1ð1260Þ
and π2ð2005Þ states. By employing the helicity decom-
position method, we find that the two kinds of channels
B�
c → J=ψ þ nπ and Bc → J=ψ þ nπ have extremely dif-

ferent polarization behavior dependence of the invariant
mass of nπ system. The B�

c meson can be distinguished in
J=ψ þ nπ invariant mass distributions by introducing a new
polarization observable and measuring its value in particle
experiments at the LHC.

Radiative decay. The lifetime of vector beauty-charm
meson B�

c is greatly shorter than that of the ground
pseudoscalar beauty-charm meson Bc, since the B�

c meson
can first radiate into a Bc meson with several tens of MeV
phase space while the Bc meson has to weak decay.

For the transition of doubly heavy quark mesons,
potential nonrelativistic QCD (pNRQCD) is a powerful
model-independent effective theory [6]. Its Lagrangian can
be obtained by integrating out quarks and gluons of
momentum and energy above heavy quark relative momen-
tum from NRQCD [7], which is a nonrelativistic effective
theory of QCD after integrating out quarks and gluons of
momentum and energy above heavy quark mass. In
pNRQCD effective theory, two fields S ¼ Sðr; R; tÞ and
O ¼ Oðr; R; tÞ denoting the color singlet and octet quark-
antiquark states respectively are introduced. r is the heavy
quark relative coordinate while R is the center-of-mass
coordinate. In the equal quark mass case, the pNRQCD
Lagrangian relevant to describe the magnetic dipole tran-
sition at order E3

γv2=m2 is systematically established in
Ref. [8], where the radiative decay width is obtained as
ΓJ=ψ→ηcþγ ¼ ð1.5� 1.0Þ keV in excellent agreement with
experimental data. We generalize the pNRQCD Lagrangian
into the unequal quark mass case, and then the effective
Lagrangian at order E3

γv2=m2 can be written as

LγpNRQCD ¼
Z

d3rTr

�
e
eQ − e0Q

2
Vem
A S†r ·EemSþ e

�
eQm0

Q − e0QmQ

4mQm0
Q

��
V

σ·B
m
S fS†; σ ·BemgS

þ 1

8
V
ðr·∇Þ2σ·Bm
S fS†; rirjð∇i∇jσ · BemÞgSþ V

σ·B
m
O fO†; σ · BemgO

�

þ e
�eQm2

Q0 − e0Qm
2
Q

32m2
Qm

2
Q0

��
4
V

σ·B
m2

S

r
fS†; σ ·BemgSþ 4

V
σ·ðr×r×BÞ

m2

S

r
fS†; σ · ½r̂ × ðr̂ ×BemÞ�gS

− V
σ·∇×E
m2

S ½S†; σ · ½−i∇×;Eem��S − V
σ·∇r×r·∇E

m2

S ½S†; σ · ½−i∇r×; rið∇iEemÞ��S
�

þ e

�eQm3
Q0 − e0Qm

3
Q

8m3
Qm

3
Q0

�
½V

∇2r σ·B
m3

S fS†; σ ·Bemg∇2
rSþ V

ð∇r·σÞð∇r·BÞ
m3

S fS†; σiBemjg∇i
r∇j

rS��; ð1Þ

where Q and Q0 denote two different heavy quarks.
The final result for the decay width of B�

cðpÞ →
Bcðp0Þ þ γðkÞ is

ΓB�
c→Bcþγ ¼

αðeQm0
Q − e0QmQÞ2E3

γ

3m2
Qm

2
Q0

V
σ·B
m
S

�
1 −

Eγ

mB�
c

�
; ð2Þ

where the photon energy is expressed as Eγ ¼
m2

B�c
−m2

Bc

2mB�c
. The

matching coefficient is known at one loop with V
σ·B
m
S ¼

1þ CF
αs
2π [9]. Other higher-order pNRQCD operators are

not considered here; however, one can expect their con-
tributions are small, similar to the case in bottomonium. We
choose Q ¼ b and Q0 ¼ c for beauty and charm quarks in
the following.

The total decay width of the vector B�
c meson can be

approximated as Γ ≃ ΓB�
c→Bcþγ since other weak decay

channels have a suppression factor ΓðBcÞ=ΓðB�
cÞ with

magnitude around 10−4 to 10−5. Considering that the heavy
quark pole mass is usually chosen as mb ¼ 4.8� 0.2 GeV
and mc ¼ 1.6� 0.1 GeV, the total decay width of the
vector B�

c meson as a function of the emitted photon mass
or hyperfine mass splitting is plotted in Fig. 1. If we choose
the vector B�

c meson mass as 6331(4) (6) MeV from lattice
QCD simulation [10], the total decay width of the vector B�

c

meson is estimated as Γ ¼ 114þ60
−42 eV where the large

uncertainty is from the sensitivity of decay width on the
meson mass. One should note that there are already several
theoretical predictions [11–16]; however, the model-inde-
pendent investigation is first given in our paper.
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In calculation, only two polarization states of the vector
B�
c meson with jJ ¼ 1; λ ¼ �1i are equal contributions in

the radiative B�
c meson decays. In the rest frame of the final

Bc meson, the angular momentum projection is identical to
the vector B�

c meson helicity λ. This phenomenon can be
understood by the conservation of angular momentum and
parity. Since the photon only has two transversal polari-
zation statues, the initial B�

c meson with jJ ¼ 1; λ ¼ 0i can
not emit a photon parallel to the momentum direction and
thus is forbidden in its radiative decay. The right-hand
circularly polarized photon is emitted when the initial B�

c
meson with jJ ¼ 1; λ ¼ 1i decays into a zero-spin Bc
meson, while the left-hand circularly polarized photon is
emitted when the initial B�

c meson with jJ ¼ 1; λ ¼ −1i
decays into a zero-spin Bc meson.

Weak decay. In the radiative decay of the B�
c meson with

B�
c → Bc þ γ, the transverse polarization of the B�

c meson
with jJ ¼ 1; λ ¼ �1i contributes, while the longitudinal
polarization of the B�

c meson with jJ ¼ 1; λ ¼ 0i decou-
ples. In the weak decays, both the transversely and
longitudinally polarized B�

c mesons will come in and
contribute the Feynman amplitudes.
The pure leptonic weak decays B�

c → lþ νl have been
studied up to three-loop accuracy in Refs. [17,18], where
the branching ratios are given with magnitude around 10−6.
If we focus on the polarization decomposition, the trans-
verse and longitudinal polarizations of B�

c meson leptonic
decay widths are

ΓðB�
cðλ¼�1Þ→ lνlÞ ¼

jVcbj2
12π

G2
Ff

2
B�
c

�
1−

m2
l

m2
B�
c

�
2

m3
B�
c
;

ΓðB�
cðλ¼ 0Þ→ lνlÞ ¼

m2
lΓðB�þ

c ðλ¼�1Þ→ lνlÞ
2m2

B�
c

; ð3Þ

where the factor ðml=mB�
c
Þ2 in the longitudinal polarization

formula represents a helicity suppression which is just a
consequence of angular momentum conservation.

The weak decays into B�
c → J=ψ þ XH;L are also good

channels to probe the B�
c meson at hadron colliders. The

vector current form factors of B�
c into J=ψ can be defined as

hJ=ψðϵ0;p0Þjb̄γμcjB�
cðϵ; pÞi

¼ −ðϵ · ϵ0�Þ½PμV1ðq2Þ− qμV2ðq2Þ�− ðϵ · qÞϵ0�μ V3ðq2Þ

þ ðϵ0� · qÞϵμV4ðq2Þ þ
ðϵ · qÞðϵ0� · qÞ
M2 −M02

×

��
Pμ−

M2 −M02

q2
qμ
�
V5ðq2Þ þ

M2 −M02

q2
qμV6ðq2Þ

�
;

ð4Þ

where P ¼ pþ p0, q ¼ p − p0. M and M0 are the masses
of B�

c and J=ψ respectively. Similarly, the axial-vector
current form factors of B�

c into J=ψ can be defined as

hJ=ψðϵ0; p0Þjb̄γμγ5cjB�
cðϵ; pÞi

¼ iεμναβϵαϵ0�β½PνA1ðq2Þ þ qνA2ðq2Þ�

þ iεμναβPαqβ

M2 −M02 ½ϵ0� · qϵνA3ðq2Þ − ϵ · qϵ0�νA4ðq2Þ�: ð5Þ

The differential distribution for Bð�Þ
c → J=ψ þ nh can be

decomposed into

dΓðBð�Þ
c → J=ψ þ nhÞ

dq2
¼

X
λi

jVcbj2G2
Fa

2
1jp0j

32πM2
ΓJ1λ1J2λ2λnh ;

ð6Þ

where the parameter ΓJ1λ1J2λ2λnh is the helicity component
with the initial meson angular momentum J1 and the J=ψ
angular momentum J2. The J=ψ moving momentum is
jp0j ¼ ððM2 þM02 − q2Þ2=ð4M2Þ −M02Þ1=2. Due to the
angular momentum conservation, we have the following
nontrivial helicity components:

Γ11110 ¼ 2½V2
1ððM −M0Þ2 − q2ÞððM0 þMÞ2 − q2Þ

þðA1ðM2 −M02Þ þ A2q2Þ2�ρnhT ðq2Þ; ð7Þ

Γ1111t ¼ 2½A2
1ð−2M2ðM02 þ q2Þ þ ðM02 − q2Þ2 þM4Þ

þðV1ðM02 −M2Þ þ q2V2Þ2�ρnhL ðq2Þ: ð8Þ

The other four nontrivial helicity components for vector B�
c

decay are complicated and are given in the Appendix. Here,
λ1;2 ¼ 1 represents λ1;2 ¼ �1. For pseudoscalar Bc decay,
there are similar helicity components,

45 50 55 60 65 70

50

100

150

200

FIG. 1. Total decay width of the low-lying vector B�
c meson as

function of the emitted photon energy.

DISTINGUISHING THE LOW-LYING VECTOR BEAUTY-CHARM … PHYS. REV. D 109, L071301 (2024)

L071301-3



Γ00100 ¼
ρnhT ðq2Þ

4M02ðM0 þMÞ2 ½−A
0
2ðM4 − 2M2ðM02 þ q2Þ

þðM02 − q2Þ2ÞþA0
1ðM0 þMÞ2ðM2 −M02 − q2Þ�2;

ð9Þ

Γ0010t ¼ ρnhL ðq2ÞA02
0½−2M2ðM02 þ q2Þ þM4

þðM02 − q2Þ2�; ð10Þ

Γ00111 ¼
2q2ρnhT ðq2Þ
ðM0 þMÞ2 ½A

02
1ðM0 þMÞ4 þ V 02ðM4

−2M2ðM02 þ q2Þ þ ðM02 − q2Þ2Þ�; ð11Þ

where the definition of Bc → J=ψ form factors A0
iðq2Þ and

V 0ðq2Þ can be found in Eqs. (2) and (3) in Ref. [19].
The above spectral functions ρnhT;Lðq2Þ are universal and

can be defined as

Z
dΦðW� → nhÞ

2π
ϵnhμ ϵ�nhν ¼ ðqμqν − q2gμνÞρnhT ðq2Þ

þ qμqνρnhL ðq2Þ: ð12Þ

In principle, the dimensionless spectral functions ρnhT;Lðq2Þ
can be determined from nonperturbative calculation or
experimental data. The LHCb Collaboration has studied
the Bþ

c → J=ψ þ πþ þ π− þ πþ process and measured the
3π invariant mass distribution in Ref. [20]. The polarization
measurement of J=ψ is not performed in this process;
however, the 3π distribution has a large peak around
a1ð1260Þ and a small peak around π2ð2005Þ in Fig. 2.
Thus we can conclude that the spectral function ρnhT ðq2Þ
dominates in Bc → J=ψ þ 3π.

We use the following parametrization form for ρ3πT :

ρ3πT ðm2Þ ¼ a
2m

�
m2 −m2

πe
m2

�
−2
ð1 −m2fÞ

×

�
1

b2=4þ ðm −m1Þ2
þ c
d2=4þ ðm −m2Þ2

�
;

ð13Þ

which is different to the form in Refs. [21,22]. If we in-
put the two poles m1 ¼ 1.209 GeV and m2 ¼ 1.963 GeV
for a1ð1260Þ and π2ð2005Þ peaks, the chi-square good-
ness of fitting is χ2=dof ¼ 1.65. The parameters are
fitted as a ¼ 0.12 GeV, b ¼ 0.341 GeV, c ¼ 0.021,
d ¼ 0.256 GeV, e ¼ −12.456, and f ¼ −0.069 GeV−2.
Therein b ¼ 0.341 GeV and d ¼ 0.256 GeV can explain
the decay width of a1ð1260Þ and π2ð2005Þ respectively.
For future theoretical and experimental studies, this
process can be employed to precisely measure the basic
quantities for both the a1ð1260Þ and π2ð2005Þ states. Note
that the value a ¼ 0.12 GeV is obtained by considering
the Bc hadroproduction cross section around 100nb−1 at
the LHC in Ref. [23].
Employing the ρð770Þ dominant model for ρ2πT ,

ρ2πT ðm2Þ ¼ a0

Γ2
ρ=4þ ðm −mρÞ2

; ð14Þ

where the parameter a0 ¼ 0.1198 GeV2 can be extracted
from the theoretical prediction of Bc → J=ψ þ ρ
in Ref. [24].
The nontrivial results of various form factors at leading

order can be calculated in NRQCD,

V1ðyÞ ¼
128πðzþ 1Þ5=2αsϕð0Þ

1S0 ½cc̄�
ð0Þϕð0Þ

1S0 ½cb̄�
ð0Þ

3z3=2m3
bðy − zþ 1Þ2ðyþ z − 1Þ2 ;

V3ðyÞ ¼ 2V1ðyÞ ¼ 2A1ðyÞ;

V2ðyÞ ¼ A2ðyÞ ¼
1 − z
1þ z

V1ðyÞ;

V4ðyÞ ¼
4z

1þ z
V1ðyÞ; ð15Þ

where z ¼ mc=mb and y ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffi
q2=m2

b

q
. The HPQCD

Collaboration has performed the first lattice calculation
of Bc → J=ψ form factors [25]. In previous works
[19,24,26–28], various Bc → J=ψ form factors have been
systematically studied by the NRQCDþ HPQCD approach
along with the Boyd-Grinstein-Lebed parametrization
method [29]. Similarly, we can further determine the B�

c →
J=ψ form factors after combining the lattice QCD results of
Bc → J=ψ form factors and NRQCD relations among form
factors. High-order calculation affects the NRQCD relations
among form factors vary slightly.

0.5 1.0 1.5 2.0 2.5 3.0

0

50

100

150

200

FIG. 2. The invariant mass distribution of m3π in the Bþ
c →

J=ψπþπ−πþ process. The red points are from the LHCb
measurements based on the sample corresponding to an inte-
grated luminosity of 9 fb−1 data [20], while the blue line is our
fitting result.
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According to the LHCb reconstruction efficiency in
Ref. [20], the event yields per every 50 MeV can also
be obtained for both the Bc → J=ψ þ 2π and B�

c → J=ψ þ
3π processes, which have been plotted in Fig. 3.
The helicity formula for the decay width is given in

Eq. (6). One can further define the polarization asymmetry
αLT as

αLT ¼
X
λ1;λnh

ΓJ1λ111λnh − ΓJ1λ110λnh

ΓJ1λ111λnh þ ΓJ1λ110λnh

; ð16Þ

where we only observe the transverse and longitudinal
polarization of J=ψ due to its feasibility at particle
experiments.

We plot the results of αLT of B�
c → J=ψ þ nπ and Bc →

J=ψ þ nπ with n ¼ 2 or n ¼ 3 in Fig. 4. In calculation, we
found that J=ψ prefers to be longitudinally polarized in Bc
decays while J=ψ prefers to be transversely polarized in B�

c

decays, which indicates a general law of polarization
asymmetry for pseudoscalar (vector) meson to vector
meson decays. In P → V transition, the final vector meson
V prefers longitudinal polarized and goes to 100% longi-
tudinal polarized (αLT ¼ −1) in a maximum recoil point
(q2 ¼ 0). In V → V 0 transition, the final vector meson V 0

prefers transversely polarized and gets a large polarized rate
(0.5 < αLT < 1) in a maximum recoil point (q2 ¼ 0). This
general law shall be also tested in various processes such as
Bs=B�

s → D�
s þ nh, B=B� → D� þ nh, Ds=D�

s → ϕþ nh,
and D=D� → K� þ nh.
Going back to the identification of the B�

c meson, one
may expect around 20 B�

c → J=ψ þ π and 280 B�
c →

J=ψ þ lþ νl at LHCb run-2, assuming 9 × 108 B�
c mes-

ons are produced [23]. However, only 1 B�
c → J=ψ þ π and

11 B�
c → J=ψ þ lþ νl can be reconstructed if one con-

siders the LHCb efficiency in Ref. [5]. The reconstruction
events will increased into 33 times in future LHCb run-3
and run-4 experiments. The polarization measurement of
J=ψ will eliminate the possible Bc background to probe the
B�
c meson. Apart from the channels in the paper, one can

also probe the B�
c meson by B�

c → Bs=Bþ nπ with around
10−5 branching ratios.

Conclusion. In this paper the electromagnetic and weak
decays of B�

c are studied in a model-independent way. We
have shown the helicity decomposition in B�

c → Bc þ γ,
B�
c → lþ νl, and B�

c → J=ψ þ nh by polarization analy-
sis. The polarization asymmetry αLT introduced in the
paper is an important physical observable for distinguishing
the initial pseudoscalar Bc and vector B�

c states. It also
reveals a general law in P → V and V → V 0 transition
processes, which can be tested by the polarization mea-
surements of the final vector mesons. In the end, the long-
sought vector B�

c meson has a good opportunity to be
resolved during LHCb run-3 or run-4 and future experi-
ments such as CEPC running at a Z boson pole.
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Appendix: The other four helicity components in Eq. (6)
have the following expressions:

0.0 0.5 1.0 1.5 2.0 2.5 3.0
0
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FIG. 3. The reconstruction events distribution for both the
Bc → J=ψ þ 2π and B�

c → J=ψ þ 3π at LHCb run-2.
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FIG. 4. The polarization asymmetry αLT is significantly
different in the two processes B�

c → J=ψ þ nπ and Bc → J=ψ þ
nπ with n ¼ 2 or n ¼ 3. In Bc → J=ψ þ nπ decays, the
polarization asymmetry αLT denoting “Pseudoscalar” are not
sensitive to the relative magnitude between the nπ spectra
functions ρL;Tðq2Þ. While in B�

c → J=ψ þ nπ decays, the polari-
zation asymmetry αLT is slightly sensitive to the spectra
functions, where “Vector-I, Vector-II, Vector-III” represent
ρL ¼ ρT , ρL ¼ ρT=10, ρL ¼ 10ρT , respectively.
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Γ10111 ¼
q2ρnhT ðq2Þ

2M2ðM2 −M02Þ2 ½2A1ðM2 −M02Þð3M2 þM02 − q2ÞððA2 − 2A4ÞM2q2 þ ðA2 þ A4ÞðM2 −M02Þ2

−ðA2 þ 2A4Þq2M02 þ A4q4Þ þ ððA2 − 2A4ÞM2q2 þ ðA2 þ A4ÞðM2 −M02Þ2 − ðA2 þ 2A4Þq2M02 þ A4q4Þ2
þA2

1ðM2 −M02Þ2ð3M2 þM02 − q2Þ2 þ V2
3ðM −M0Þ2ðM0 þMÞ2ððM −M0Þ2 − q2ÞððM0 þMÞ2 − q2Þ�;

Γ10100 ¼
ð−2M2ðM02 þ q2Þ þM4 þ ðM02 − q2Þ2ÞρnhT ðq2Þ

16M2M02ðM2 −M02Þ2 ½ðM −M0ÞðM0 þMÞðM2ð2V1 − V3 þ V4Þ

þð2V1 þ V3 − V4ÞM02 þ q2ð−2V1 þ V3 þ V4ÞÞ þ V5ððM −M0Þ2 − q2ÞððM0 þMÞ2 − q2Þ�2;

Γ1010t ¼
ρnhL ðq2Þ
16M2M02 ½2M2ðð−V3 þ V4 þ V6ÞM02 þ q2ðV1 þ V2 − V3 þ V4 þ V6ÞÞ þM4ð−ð2V1 − V3 þ V4 þ V6ÞÞ
þðM02 − q2Þðð2V1 þ V3 − V4 − V6ÞM02 þ q2ð2V2 − V3 þ V4 þ V6ÞÞ�2;

Γ11101 ¼
q2ρnhT ðq2Þ

2M02ðM2 −M02Þ2 ½2A1ðM2 −M02ÞðM2 þ 3M02 − q2Þð−q2ð2A3ðM2 þM02Þ þ A2ðM2 −M02ÞÞ þ A3q4

þðA2 þ A3ÞðM2 −M02Þ2Þ þ ðA3q4 − q2ð2A3ðM2 þM02Þ þ A2ðM2 −M02ÞÞ þ ðA2 þ A3ÞðM2 −M02Þ2Þ2
þA2

1ðM2 −M02Þ2ðM2 þ 3M02 − q2Þ2 þ V2
4ðM2 −M02Þ2ððM −M0Þ2 − q2ÞððM0 þMÞ2 − q2Þ�:
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