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Abstract In this paper we investigate the effects of the large extra dimensions on the two processes e+e− → H0Z0Z0

and e+e− → H0H0Z0 at linear colliders in both unpolarized and polarized collision modes. We find that the virtual
Kaluza–Klein graviton exchange can significantly enhance the cross section from their standard model expectations for
these two processes. The results show that the LED effect on the process e+e− → H0Z0Z0 allows the observation limits
on the effective scale MS to be probed up to 9.75 TeV and 10.1 TeV in the unpolarized and +−(λe+ = 1/2, λe− = −1/2)
polarized beam collision modes (with Pe+ = 0.6, Pe− = 0.8), respectively. For the process e+e− → H0H0Z0, these limits
on MS can be probed up to 6.06 TeV and 6.38 TeV in the unpolarized and polarized collision modes separately. We find
that the λe+ = 1/2, λe− = −1/2 polarization collision mode in both process e+e− → H0Z0Z0 and e+e− → H0H0Z0

may provide a possibility to improve the sensitivity in probing the LED effects.

PACS numbers: 04.50.+h, 11.10.Kk, 12.60.-i, 13.66.Fg
Key words: large extra dimensions, linear collider, Higgs boson, gauge boson

1 Introduction

Although the Standard Model (SM) has been proved
to be a very successful theory below TeV scale, it still has
some unsolved problems, such as the hierarchy problem.
The idea that there exist large extra dimensions (LED)[1]

might provide a solution to the hierarchy problem. In the
LED theory there is only one fundamental energy scale
MS for particle interactions, which is of the order of TeV,
to solve the hierarchy problem. The usual Planck scale
MP = 1/

√
GN ∼ 1.22 × 1019 GeV (where GN is New-

ton’s constant) is related to MS by the equation in (4+n)
dimensions,[2]

M2
P ∼ RnM2+n

S , (1)

where n is the number of extra dimensions, and R is the
radius of the compactified space.

If we set MS ∼ 1 TeV, we can calculate the value of
R from Eq. (1). For n = 1, we have R ∼ 1013 cm, which
is obviously ruled out by current gravitational observa-
tions. For n ≥ 2, there exists R < 1 mm. Since we have
not probed gravity at distances smaller than a millimeter,
the astro-physical constraints from supernova cooling and
cosmic diffuse gamma radiation tell us that n = 2 must
be ruled out too.[3] When n ≥ 3, where R ∼ 1 nm, it is
possible to detect graviton signal at high energy colliders.

The large extra dimension model becomes an at-
tractive extension of the SM because of its possible
testable consequences. As Arkani-Hamed, Dimopoulos,
and Dvali[1] proposed, the SM particles exist in the usual
(3+1)-dimensional space, while graviton propagates in a
higher-dimensional space. A massless graviton propagat-

ing in D-dimensions is equivalent to the picture of nu-
merous massive Kaluza–Klein gravitons propagating in 4
dimensions. In both processes with real graviton emis-
sion and the virtual graviton exchange, we should make
an incoherent sum over the tower of graviton modes. The
summation over these numerous KK graviton states can
compensate the suppression factor of 1/MP , which ap-
pears in the gravitational interactions in the 4 space-
time dimensions.[2,4] Therefore, we can obtain a near elec-
troweak interaction strength for the interactions involving
graviton, and it would be possible to discover the LED
effects experimentally.

The most frequently discussed processes with virtual
KK graviton exchange are two-body final state processes,
such as ff̄ → γγ,[2] γγ → W+W−,[5] and e+e− → ff̄ ,
qq̄ → l+l−, gg → l+l−.[6] Once the KK graviton is discov-
ered, we should consider its effect on more complicated
processes. Recently, the studies of the LED effects have
been extended to three-body final state processes. For ex-
ample, the tt̄H associated production at LC can be used
to probe the Yukawa coupling and the LED effects.[7,8]

e+e− → H0H0Z0 is also an important process in test-
ing Higgs self-coupling.[9,10] In Ref. [11] the authors have
calculated the LED effect for processes e+e− → H0H0Z0

and e+e− → H0H0γ in unpolarized e+e− collision mode,
and give the result that for n = 3 and mH = 120 GeV at a√

s = 3 TeV linear collider. The fundamental Planck scale
MS can be probed up to 6.6 TeV and 7.4 TeV respectively.
There is another important process e+e− → H0Z0Z0 in
probing the Higgs coupling with gauge boson,[12] and the
detailed information of the Z0 bosons in the final state is
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easy to obtain in the experiment.
In this paper we assume that the Higgs boson had

already been discovered and its mass determined. We cal-
culate the LED effect for the e+e− → H0Z0Z0 process
and consider the e+e− → H0H0Z0 process with different
polarization colliding beams. The paper is arranged as
follows. In Secs. 2 and 3, we present the analytical calcu-
lation, the numerical results, and some discussion for the

two processes respectively. Finally, a short summary is
given.

2 Analytical Calculations

In this section we give the analytical calculations of
the processes e+e− → H0Z0Z0 and e+e− → H0H0Z0

with different polarizations of colliding beams in the LED
model. In our calculation we use the de Donder gauge.

Fig. 1 The vertices involving graviton and the corresponding Feynman rules.

In Fig. 1 we present the vertices and Feynman rules which we have used in our calculation, where

Bµναβ =
1
2
(gµνgαβ − gµαgνβ − gµβgνα) ,

Cρσµναβ =
1
2
[gρσgµνgαβ − (gρµgσνgαβ + gρνgσµgαβ + gραgσβgµν + gρβgσαgµν)] ,

κ =
√

16πGN . (2)

2.1 e+e− → H0Z0Z0

The e+e− → H0Z0Z0 is an important process in probing the coupling between Higgs and Z0 bosons, and in
Ref. [12] it has been studied in the framework of the SM. Here we give the calculation including the LED effect for this
process with different polarizations of incoming beams. We denote this process as

e+(k1, λ1) + e−(k2, λ2) → H0(p1) + Z0(p2, ν) + Z0(p3, µ) ,

where ki and pi are the momenta of the incoming and outgoing particles respectively, λi is the positron (electron)
helicity, and ν and µ are the Lorentz indices of Z0 bosons. The Feynman diagrams arising from the exchange of KK
graviton are shown in Fig. 2.

Here are the amplitudes for these diagrams:

MG
(a)(λ1, λ2) =]

gmW D(s)Pρσαβ

2SW CW (m2
H + 2p1 · p2)

v̄(k1, λ1)[VeeG]ρσu(k2, λ2)[VZZG]αβµν εν(p2)εµ(p3) ,

MG
(b)(λ1, λ2) = MG

(a)[(p2, ν) ↔ (p3, µ)] ,
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MG
(c)(λ1, λ2) =

−gmW D(s)Pρσαβ

2SW C2
W ((p2 + p3)2 −m2

H)
v̄(k1, λ1)[VeeG]ρσu(k2, λ2)[VHHG]αβ gµνεν(p2)εµ(p3) , (3)

where s = (k1 + k2)2 is the C.M.S. energy, and

D(s) =
16π

κ2
M−4

S

(√s

MS

)n−2[
π + 2iP

∫ MS/
√

s

0

yn−1 dy

1− y2

]
,

Pµναβ = ηµαηνβ + ηµβηνα − 2
n− 2

ηµνηαβ . (4)

The explicit expressions of vertices VeeG, VZZG, VHHG, and constant κ are presented in the Eq. (2). The function D(s)
represents the summation of the KK excitation propagators.

Fig. 2 The tree-level Feynman diagrams with graviton exchange for the process e+e− → H0Z0Z0.

We can get the total amplitude after adding these virtual KK graviton exchange amplitudes together with the SM
ones. The cross section for unpolarized collision beams in the framework of the LED model is written as

σunpol.
LED =

1
2

1

4|~k1|
√

s

∫
dΦ3

1
4

∑
λ1,λ2

|M(λ1, λ2)|2 . (5)

The first factor 1/2 comes from the identical Z0 bosons in the final states, and the phase-space hypercube element for
three final particles process is defined as

dΦ3 =
( 3∏

i=1

d3~ki

(2π)32k0
i

)
(2π)4δ

(
p1 + p2 −

3∑
j=1

kj

)
. (6)

In the case of polarization beams, the cross section formula is obtained by the replacement of the following expression
in Eq. (5): ∑

λ1,λ2

|M(λ1, λ2)|2 −→
(1 + Pe)

2
(1 + Pp)

2
|M(+,+)|2 +

(1 + Pe)
2

(1− Pp)
2

|M(+,−)|2

+
(1− Pe)

2
(1 + Pp)

2
|M(−,+)|2 +

(1− Pe)
2

(1− Pp)
2

|M(−,−)|2 , (7)

where Pe(= (N+
e −N−

e )/(N+
e + N−

e )) and Pp(= (N+
p −N−

p )/(N+
p + N−

p )) are the polarization efficiency of electron
and positron, separately.

2.2 e+e− → H0H0Z0

In Ref. [11] the LED effects on the process e+e− → H0H0Z0 with unpolarized incoming electron and positron
beams have been studied. But the authors did not consider the effect of the linear collider acceptance. Here we will
calculate the LED effect of this process with different polarizations of initial states. We denote this process as

e+(k1, λ1) + e−(k2, λ2) → H0(p1) + H0(p2) + Z0(p3, µ) , (8)

where ki and pi are the momenta of the incoming and outgoing particles respectively, λ1 and λ2 are the positron and
electron helicities, and µ is the Lorentz index of Z0 boson. There are 10 Feynman diagrams contributing to this process,
and four of them, which include virtual KK graviton exchange, are shown in Fig. 3. The SM Feynman diagrams and
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the corresponding calculations can be found in Ref. [9]

Fig. 3 The tree-level Feynman diagrams with graviton exchange for the process e+e− → H0H0Z0.

Here we give the amplitudes for the diagrams shown in Fig. 3:

MG
(a)(λ1, λ2) =

−gD(s1)Pρσαβ

8CW (k1 − p3)2
v̄(k1, λ1)γµ(1− 4S2

W − γ5)(/k1 − /p3)[VeeG]ρσu(k2, λ2)[VHHG]αβεµ(p3) ,

MG
(b)(λ1, λ2) =

−gD(s1)Pρσαβ

8CW (k2 − p3)2
v̄(k1, λ1)[VeeG]ρσ(/k2 − /p3)γµ(1− 4S2

W − γ5)u(k2, λ2)[VHHG]αβεµ(p3) ,

MG
(b)(λ1, λ2) =

gD(s1)Pρσαβ

8CW (s−m2
Z)

v̄(k1, λ1)γν(1− 4S2
W − γ5)u(k2, λ2)[VZZG]ρσµν [VHHG]αβεµ(p3) ,

MG
(b)(λ1, λ2) =

D(s1)Pρσαβ

2
v̄(k1, λ1)[VeeZG]ρσµu(k2, λ2)[VHHG]αβεµ(p3) , (9)

where s1 = (p1 + p2)2. The definitions for notations D(s) and Pρσαβ are the same as those in Eq. (4). The total
amplitude can be obtained by adding these amplitudes together with the SM ones. The cross section for e+e− →
H0H0Z0 process in the framework of the LED model can be calculated by using Eqs. (5) ∼ (7).

3 Numerical Results

In this section we present some numerical results for the processes e+e− → H0Z0Z0 and e+e− → H0H0Z0 in both
unpolarized and polarized collision modes. In the numerical calculation for polarized beam collision case, we always
take the polarization efficiencies of electron and positron beams to be Pe = 0.8 and Pp = 0.6. We assume that the
integrated luminosity of electron-positron at LC is Le+e− = 500 fb−1. The SM parameters are taken as follows:[13]

α(mZ) =
1

127.918
, s2

W = 0.2312 ,

mZ = 91.1876 GeV .

To take into account the detecting coverage of the final particles, we take the acceptance angle of electromagnetic
calorimeter at the GLC[14] as the acceptance range of Higgs and Z0 bosons, i.e.,

| cos θfinal| < 0.966 , (10)

where θfinal is the angle between any outgoing particle and the initial electron.

3.1 e+e− → H0Z0Z0

In this subsection we give the numerical results of this process in different polarization collision modes with the
detecting coverage range of Eq. (10). We use + or − to represent the polarization mode of positron/electron, e.g., +−
denote the positron and electron helicities being λ1 = 1/2 and λ2 = −1/2. From the numerical results, we find that
the cross section for ++ or −− polarization collision mode is negligible, at the same time the cross section for +−
collision mode is several times larger than that for −+ collision mode. So in the following discussion we only consider
the +− polarization collision mode and unpolarization collision mode.

In Fig. 4 we present the cross section for e+e− → H0Z0Z0 as functions of colliding energy
√

s for n = 3 and different
values of MS and mH in unpolarized and +− polarized collision modes, where the electron (positron) polarization
efficiency is taken as Pe = 0.8 (Pp = 0.6). We have taken two values of Higgs boson mass, i.e., mH = 115 GeV and
mH = 180 GeV. The solid line is for the SM result. The dashed, dotted and dotted-dashed lines are for the cross
sections with MS = 3.5 TeV, 4.5 TeV, and 5.5 TeV, respectively. It is obvious that the SM cross section decreases with
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the increment of
√

s. When
√

s is less than about 750 GeV, the LED effect looks very small, but it becomes significant
with the increasing of

√
s due to more virtual KK graviton contributions to the cross section. When

√
s = 3 TeV,

the cross section can even exceed 100 fb. We can also see that the cross section for +− polarization collision case is
enhanced obviously compared with that in unpolarized collision case.

Fig. 4 The dependence of the cross section for e+e− → H0Z0Z0 on
√

s. (a) and (c) are for unpolarized e+e− collision
with mH = 115 GeV and mH = 180 GeV, respectively. (b) and (d) are for +− , Pe = 0.8 and Pp = 0.6 polarized e+e−

collision with mH = 115 GeV and mH = 180 GeV, respectively.

In Fig. 5 we present the dependence of the cross section of the e+e− → H0Z0Z0 process on the fundamental scale
MS with mH = 115 GeV or 180 GeV, for unpolarized and +− polarized collision modes. For comparison in different
collision energies we take three values of

√
s, which are 1 TeV, 2 TeV, and 3 TeV, respectively. In Figs. 5(a) and 5(b),

we depict the results of the cross section with the number of extra dimensions being 3, 4, 5, and 6 respectively. In
Figs. 5(a) ∼ 5(d) the solid straight lines, which are independent of MS , are for the SM, the solid curves represent the
cross sections for n = 3, and the dashed, dotted, and dashed-dotted lines are the cross sections for n = 4, 5, and 6
respectively. It is obvious that for a given value of extra dimensions n, the cross section decreases with the increment
of MS , and finally approaches its corresponding SM result. We can see from these figures that the virtual KK graviton
contribution decreases with the increment of the value of the extra dimensions n.

To extract the constraint of fundamental energy scale MS , which can be probed at a future e+e− collider, we adopt
the same definition of 5σ LED effect observable limit and 3σ exclusion limit with those in Ref. [8], which are

∆σ = σLED − σSM ≥
5
√

σLEDL
L

, (11)

and

∆σ = σLED − σSM ≤
3
√

σLEDL
L

, (12)
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respectively.

Fig. 5 The dependence of the cross section for e+e− → H0Z0Z0 on MS . (a) and (c) are for unpolarized e+e− collision
with mH = 115 GeV and mH = 180 GeV, respectively. (b) and (d) are for +− , Pe = 0.8 and Pp = 0.6 polarized e+e−

collision with mH = 115 GeV and mH = 180 GeV, respectively.

Fig. 6 The LED effect observation area (shadow with oblique lines) and the exclusion area (white) for e+e− → H0Z0Z0

process in the
√

s-MS parameter space with unpolarized beams, where mH = 115 GeV and 180 GeV respectively.

In Fig. 6 we show the regions where the LED effect can and cannot be observed according to Eqs. (11) and (12)
in
√

s–MS parameter space for process e+e− → H0Z0Z0 with unpolarized collision beams, with mH = 115 GeV and
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180 GeV respectively. The upper white region is the 3σ exclusion region, the oblique lines region is the 5σ observation
region, and the underside white region is excluded by the unitary condition

√
s < MS .

In Table 1, we list the 3σ LED effect exclusion limits and 5σ observation limits with different collision energies
√

s

in both unpolarized and +− polarized collision modes with mH = 115 GeV and 180 GeV respectively. The collision
beam polarization efficiencies is also taken to be Pp = 0.6 and Pe = 0.8, and the integrated luminosity is taken as
Le+e− = 500 fb−1. From this table we can see that the associated H0Z0Z0 production process at e+e− colliders is a
good channel for detecting the LED effect. In the case of

√
s = 3.5 TeV and mH = 115 GeV, the LED effect observation

limit on MS can be probed up to 9.751 TeV (or 10.098 TeV) in unpolarized (or +− polarized) collision mode, while
for

√
s = 3.5 TeV and mH = 180 GeV, the LED effect exclusion limit on MS can be probed up to 10.867 TeV (or

11.214 TeV) in unpolarized (or +− polarized) collision mode. We can see that by using the +− polarized e+e− beams,
we can improve the sensitivity of probing the LED model effects in e+e− → H0Z0Z0 process.

3.2 e+e− → H0H0Z0

Fig. 7 The dependence of the cross section for e+e− → H0H0Z0 on
√

s. (a) and (c) are for unpolarized e+e− collision
with mH = 115 GeV and mH = 180 GeV, respectively. (b) and (d) are for +− , Pe = 0.8 and Pp = 0.6 polarized e+e−

collision with mH = 115 GeV, and mH = 180 GeV, respectively.

In this subsection we will give the numerical results of e+e− → H0H0Z0 process in different polarization collision
modes with the final particle acceptance range as shown in Eq. (10). The notations for different polarization modes are
the same as those in last subsection. Similar to the calculation of e+e− → H0Z0Z0 process, the cross sections for ++
and −− polarization collision modes are almost zero, and the cross section in +− polarization collision mode is several
times of that in −+ polarization collision mode. We only give the results for unpolarized and +− polarized collision
modes in the following discussion. We have checked our calculation for the process e+e− → H0H0Z0 in unpolarized
collision mode with previous work in Ref. [11], and get coincident results with theirs. But we should notice that in
their analysis, they used the relative error of 10% on the cross section measurement to determine 5σ discovery limit
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on MS with the integrated luminosity of 2 ab−1.

Fig. 8 The dependence of the cross section for e+e− → H0H0Z0 on MS . (a) and (c) are for unpolarized e+e− collision
with mH = 115 GeV and mH = 180 GeV, respectively. (b) and (d) are for +− , Pe = 0.8 and Pp = 0.6 polarized e+e−

collision with mH = 115 GeV, and mH = 180 GeV, respectively.

Fig. 9 The LED effect observation area (shadow with oblique lines) and the exclusion area (white) for e+e− → H0H0Z0

process in the
√

s–MS parameter space with unpolarized beams, where mH = 115 GeV and 180 GeV respectively.
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Table 1 The 3σ LED effect exclusion limits and 5σ observation limits in the MS–
√

s parameter space for the e+e− →
H0Z0Z0 process. The two tables correspond to n = 3, mH = 115 GeV, and 180 GeV, respectively. For the +− polarized
e+e− collision mode, we set Pe = 0.8 and Pp = 0.6.

mH = 115 (GeV) MS (GeV)

√
s (TeV)

unpol. pol. + −
3σ 5σ 3σ 5σ

0.5 1930 1683 2029 1771

1.0 3483 3068 3654 3213

1.5 4927 4378 5136 4559

2.0 6383 5700 6623 5917

2.5 7861 7039 8129 7296

3.0 9355 8392 9662 8691

3.5 10867 9751 11214 10098

mH = 180 (GeV) MS (GeV)

√
s (TeV)

unpol. pol. + −
3σ 5σ 3σ 5σ

0.5 1640 1447 1715 1512

1.0 3355 3000 3485 3111

1.5 4866 4370 5024 4915

2.0 6360 5724 6560 5915

2.5 7862 7079 8098 7316

3.0 9373 8443 9654 8724

3.5 10895 9807 11220 10140

Table 2 The 3σ LED effect exclusion limits and 5σ LED effect observation limits in the MS–
√

s parameter space for
the e+e− → H0H0Z0 process. The two tables are corresponding to n = 3, mH = 115 and 200 GeV, respectively. For
the +− polarized e+e− collision mode, we take Pe=0.8 and Pp=0.6.

mH = 115 (GeV) MS (GeV)

√
s (TeV)

unpol. pol. + −
3σ 5σ 3σ 5σ

0.5 891 806 935 846

1.0 1988 1816 2076 1899

1.5 3020 2749 3161 2880

2.0 3997 3626 4187 3808

2.5 4935 4465 5172 4694

3.0 5840 5273 6126 5549

3.5 6716 6058 7049 6378

mH = 180 (GeV) MS (GeV)

√
s (TeV)

unpol. pol. + −
3σ 5σ 3σ 5σ

0.5 623 551 662 585

1.0 1919 1753 2003 1834

1.5 2976 2708 3118 2839

2.0 3965 3598 4152 3777

2.5 4909 4444 5146 4670

3.0 5816 5257 6102 5530

3.5 6697 6045 7033 6364

In Fig. 7 we present the cross sections for e+e− → H0H0Z0 as the functions of
√

s for n = 3 with different values
of MS and mH in unpolarized and +− polarized modes, where the electron (positron) polarization efficiency is taken
as Pe = 0.8 (Pp = 0.6). We take two values of Higgs boson mass as mH = 115 GeV and mH = 180 GeV. The solid line
is for the SM result. The dashed, dotted, and dotted-dashed lines are corresponding to the cross sections in the LED
model for MS = 3.5 TeV, 4.5 TeV, and 5.5 TeV respectively. When

√
s < 1 TeV, the curves for the total cross sections

including the LED effect seem to be overlapped with that for the SM, but the LED effect becomes significant with the
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increment of
√

s, especially when MS is not very large. We can also see that the cross section is enhanced obviously
after adopting the +− polarization of collision e−e+ beams.

In Fig. 8 we present the dependence of the cross section on energy scale MS for values of
√

s = 1 TeV, 2 TeV, and
3 TeV, with mH = 115 GeV and 180 GeV in unpolarized and +− polarized collision modes, respectively. In Figs. 8(a)
and 8(b), we present the curves for the cross sections with the extra dimension n value being 3, 4, 5, and 6 separately.
The solid straight lines, which are independent of MS , are for the SM results, the solid curves are the results for n = 3,
and the dashed, dotted, and dashed-dotted lines are the cross sections for n = 4, 5, and 6 respectively. It is clear
that for a given value of n, the cross section decreases rapidly with the increment of MS , and finally approaches its
corresponding SM result. We can see again that the virtual KK graviton exchange contribution decreases with the
increment of the n value.

In Fig. 9 we depict the regions where the LED effect can and cannot be observed according to the criteria in
Eqs. (11) and (12) in

√
s–MS parameter space for process e+e− → H0H0Z0 in unpolarized beam collision mode, with

mH = 115 GeV and 180 GeV respectively. The upper white region is the 3σ LED effect exclusion region, the oblique
lines region is the 5σ observation region, and the underside white part is the LED effect excluded region obtained by
the unitary condition

√
s < MS . The integrated luminosity for e+e− collider is taken as Le+e− = 500 fb−1.

In Table 2, we display the 3σ LED effect exclusion limits and 5σ observation limits with different collision energies√
s with mH = 115 GeV and 180 GeV in both unpolarized and +− polarized collision modes respectively. The

polarization efficiencies are set to be Pp = 0.6 and Pe = 0.8. We find that both the LED effect exclusion limits and
the observation limits will be enhanced after adopting the +− polarized colliding beams, e.g., when

√
s = 3.5 TeV,

the LED effect exclusion limit and the observation limit will be increased about 300 GeV. Comparing the results for
processes e+e− → H0Z0Z0 and e+e− → H0H0Z0, we can conclude that in probing the LED effect in an e+e− linear
collider, the process e+e− → H0Z0Z0 may be more sensitive than the process e+e− → H0H0Z0, especially in the +−
polarization collision mode. In the process e+e− → H0Z0Z0 the upper limits of MS to be observed can be 9.751 TeV
and 10.098 TeV for n = 3,

√
s = 3.5 TeV and mH = 115 GeV in unpolarized and +− polarized (with Pp = 0.6 and

Pe = 0.8) collision modes respectively.

4 Summary
In this paper we studied the processes e+e− → H0Z0Z0 and e+e− → H0H0Z0 in the framework of large extra

dimensions model. We considered different polarization collision modes at electron-positron linear colliders in our
calculation. We investigated the 5σ LED effect observation limits and the 3σ LED effect exclusion limits in the MS–√

s parameter space for these two processes. We find that for the process e+e− → H0Z0Z0 with n = 3, mH = 115 GeV
and

√
s = 3.5 TeV, the 5σ observation limits on the fundamental scale MS can be probed up to 9.75 TeV and 10.1 TeV

in the unpolarized and +− (with Pe+ = 0.6, Pe− = 0.8) polarized collision modes, respectively. For the process
e+e− → H0H0Z0 with n = 3, mH = 115 GeV, and

√
s = 3.5 TeV, the 5σ LED effect observation limits on MS can

be probed up to 6.06 TeV and 6.38 TeV in the unpolarized and +− polarized (with Pe+ = 0.6, Pe− = 0.8) modes,
respectively. We can also see that by using the +− polarized positron-electron (i.e., λe+ = 1/2, λe− = −1/2) beams in
both processes e+e− → H0Z0Z0 and e+e− → H0H0Z0, the sensitivity of probing the LED effects can be significantly
improved.
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